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Setting up polythene core ready 


Sor irradiation. 





Specimens of polythene cable after heating at 
200 CG. Left: Normal sample. Right: Irradiated 


sample. 





How we make good cables — better 


‘lake polythene for instance, already noted with electrons to cause a chemical change. A 
for its excellent electrical characteristics and process known as electron irradiation and an 
widely used in the cable industry. important step forward in the general develop- 

Then make it stronger, more elastic and im- ment of plastic materials for our wide range of 
prove its temperature characteristics. The result, cables. 

a better material still. We have a publication which tells you more 

How do we do it? By bombarding polythene about this process. May we send you a copy? 


IRRADIATION OF POLYTHENE 


BRITISH INSULATED CALLENDER’S CABLES LIMITED - 21 BLOOMSBURY STREET: LONDON, W.C.1 
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TRANSISTOR OCI6 


Dissipation 
14 watts at 453% | 


INDUSTRIAL APPLICATIONS 


This high output germanium junc- 
tion P.N.P. power transistor is being 
in the 


used to great advantage 
following applications: 


Class A and B audio 
Amplification 


Aircraft Passenger Address 


Systems 


D.C. Convertors 


Power Amplifiers for Servo Motors 


Power for Relay Operation. 


DATA 


FEATURES 


Peak current 3 amps. 


Maximum mean current |.5 amps 
with good current linearity. 


Maximum continuous junction tem- 
perature 75°C. Up to 90°C for 


intermittent 


operation 


(total 


duration 200 hours max.). 


A pair of OCI6’s operating in Class 
B push-pull will provide an output 


in excess of 10 watts into loud- 


speakers with 12 volts “‘H.T.” 


Characteristics (measured at 25°C ambient) 


Collector reverse leakage current, 














Half actual size 








SK power vissipation 


14 watts dissipation at an ambient temperature 
of 45°C can be allowed when the OCI6 is 
bolted to a large but practical heat sink. The 














MRMINTEINOD <ccnccnccscassconnscocstteneses <100nA enenguegiog wile teen diewitte Gul 
Current amplification pations with different heat sinks. In all cases 
the transistor is mounted directly on toa plate 
ee ID oiaih ai oWasceine acntawenedsacnteiaresdeancacsedgeee 40 wah 0 thin dghund tend waster. 
I eS, ic cicuasniccissinnulaa sacwuseis sadneautawasbenaacaciaee 35 When electrical insulating mica washers are 
I a nt aa cco boadeamummnaniwuadiensiod 22 used, the dissipation is somewhat reduced. 
Se TIE os ia astietndaedaceusqeveceuseesbeantsssscnseeanted 16 Full data is available. 
AMBIENT DISSIPATION DISSIPATION DISSIPATION DISSIPATION 
TEMP. | WITH INFINITE | WITH LARGE | WITH I sq.ft. | WITH SMALL Gay MULLARD LIMITED 
(TO GIVE | HEAT SINK, METAL PLATE | METAL PLATE | METAL PLATE Malad MULLARD HOUSE 
we e.g. WATER °C PER W 2c PER W (4 in. x 7 in.) TORRINGTON PLACE 
JUNCTION COOLED THERMAL THERMAL 5.5°C PER W LONDON wW.C.1 
TEMP.) RESISTANCE RESISTANCE THERMAL =" 
RESISTANCE 
3? Paes Merger Rae Mpa 
25°C 45wt 24W 16W 7.6W 
33°C 36Wt 19W 13W 6.1W 
45°C 27Wt 14w 9.7W 4.6W is COMMUNICATIONS AND 
J INDUSTRIAL VALVE DEPARTMENT | 
33°C IsWw 9.5W 6.5W 3.0W 

















+ Continuous dissipation values in excess of 24W are at present prohibited by the voltage and current ratings 


given in the full data 
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Commentary 


N the afternoon of Monday, November 2, 1936, the first 
regular television service in the world was inaugurated 
by the British Broadcasting Corporation and now, twenty- 
one years after, is perhaps the occasion to look back and see 
how far we have journeyed in this comparatively short span. 
The launching was a short and unpretentious affair con- 
sisting of a few formal speeches followed by two variety 
turns and a news film; the programme was transmitted from 
Alexandra Palace and was seen by a very few people, since 
there were only about 300 television receivers in private 
hands. It was a modest beginning but the impact it made 
was like a clap of thunder and few of those early pioneers 
could have foreseen the enormous growth of television that 
has taken place in the intervening years or the profound 
change it would make in our social habits. 

The official opening in 1936 was the climax of nearly two 
years of feverish activity following the publication in 1935 
of the Report of the Selsdon Committee which had been set 
up to study the claims of the rival systems developed by 
Baird and Marconi-E.M.I. 

The former system was complicated both in structure and 
in use. It employed the clumsy Nipkow disk, while for 
studio work there were the indirect film method which 
scanned the film after a delay of about one minute required 
for the development of the film, and a method of direct 
scanning employing a number of photo-electric cells. The 
Baird system was based on 240 lines and 25 frames a second 
with sequential scanning. 

On the other hand, the Marconi-E.M.I. system depended 
on the newly developed electron camera tube which they 
named the “Emitron”. It possessed greater flexibility in 
Operation and proved successful for outside transmissions 
as well as for studio work and the Marconi-E.M.I. system 
promised a higher definition with 405 lines with interlaced 
scanning. 

The Television Advisory Committee, set up by the 
Government, with true British genius advised the BBC to 
use both systenis and thus it was that the opening ceremony 
was performed twice, once on the Baird system and once on 
the Marconi-E.M.I. system and, thereafter, until the Baird 
system was finally discarded in February 1937, the two 
Systems were used alternately, a week at a time. 

In the years that followed, the problems encountered 
by the BBC with this new science were many, but there was 
a growing enthusiasm in the country and when the outbreak 
of war in September 1939 caused the closing down of the 
television service, it was estimated that the number of tele- 
vision receivers had grown to 20000, all of which were 
served by the single transmitter at Alexandra Palace. 

In all, the television service of the BBC was off the air 
for nearly seven years and, during that time, its trans- 
mitters were taken over by the Royal Air Force and its 
Staff dispersed to other work. But the war years were not 
entirely lost and when, at last, on June 7 1946 the service 
was resumed, considerable plans for its future expansion 
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had been prepared by the BBC. In 1949 a television trans- 
mitter with twice the power of Alexandra Palace was 
opened at Sutton Coldfield near Birmingham, to be followed 
soon afterwards by a similar transmitter at Holme Moss, 
near Huddersfield, and by 1952 the television service of the 
BBC had grown to the extent that three quarters of the 
population of the United Kingdom were within a satisfac- 
tory service area. With a total of seventeen television 
stations in operation and five more under construction, the 
national coverage provided by the BBC will, in the very 
near future, bring over 98 per cent of the population within 
its range—a density of coverage not exceeded anywhere 
else in the world. 

But in the process of growing up the BBC has not been 
content to devote its technical resources solely to the com- 
pletion of its coverage. It has made considerable strides in 
extending the sources of its television programmes, par- 
ticularly in the field of outside broadcasting and much effort 
and ingenuity on the part of its research and engineering 
staff has been displayed to this end. 

The first broadcast from outside this country took place 
in August 1950 when BBC engineers installed cameras and 
other equipment at Calais and set up microwave links across 
the Channel to convey the centenary celebrations of another 
remarkable engineering achievement—the laying of the first 
telegraph cable between England and France. From an 
engineering and a programme point of view it was a notable 
success, but the programme could not be transmitted over 
the French television network owing to the difference 
between the French and English systems. 

Post-war growth of television in Western Europe had 
proceeded at a steady pace in spite of the conflicting views 
held on the different systems and the televising of the 
Coronation in 1953 to the Eurovision network represented 
an outstanding technical achievement. 

The BBC has now, to all intents and purposes, achieved 
complete national coverage with a single programme, but to 
fulfil the terms of its Charter a second service is regarded 
as desirable and the BBC has pressed for the allocation of 
the whole of Band III for television purposes to enable 
it to proceed with this object in view. The allocation of 
channels for an alternative service is bound up to some 
extent with the more difficult problem of colour television 
and it is unlikely that any major decision can be made 
for another year or two. That a second service will be 
brought into being is certain. Colour television is inevitable, 
but whether or not the second service will, in fact, be colour 
is at this stage unpredictable. 

Equally unpredictable is what lies beyond. What new 
wonders are in store for us when the BBC celebrates its 
television centenary cannot be imagined. The rate of pro- 
gress during the past twenty-one years has been so remark- 
able that to hazard a guess as to the state of affairs no 
further ahead than the Silver Jubilee—a mere four years 
ahead—would seem unwise. 


567 ELECTRONIC ENGINEERING 








A Simple Shafi Digitizer and Store 


By A. Tiffany*, B.Sc., A.M.LE.E. 


The use of shaft position encoders to derive digital data from analogue instruments is discussed with 

particular reference to an extremely simple apparatus which has given very satisfactory service in 

daily use in a punched card data accumulating system. The encoder and the associated relay 
decoder-store are capable of being constructed in the laboratory or workshop. 


HE advantages of logging and/or processing data in 

digital form are widely recognized and such methods 
have application whenever a multiplicity of observations 
is necessary to evaluate or specify a single operating 
condition. Applications of particular value are process 
data logging, process control and wind tunnel testing or 
engine bed trials. In many cases the rates of change of 
the test variables are sufficiently leisurely to permit quite 
simple electrical or electro-mechanical devices to be 
employed in the circuits, e.g. relays, solenoids and selector 
switches; having operating times of the order 2 to 20msec. 
High speed or ‘one-shot’ trials such as ballistic tests. 
rocket stand experiments or intermittent wind tunnel runs 
require a different approach and systems using components 
cperating in the microsecond region are mandatory. Thus 
electronic systems with magnetic drum or tape storage or 
alternatively photographic and optical systems have been 
developed to meet these requirements. The technical vir- 
tuosity of these high speed installations has attracted well 
merited publicity, but it is the purpose of this article to 
show that quite elementary installations can provide a 
performance well suited to the requirements of a variety 
of industrial applications without recourse to the elaborate 
and expensive methods often associated with the phrase 
‘digital data processing ’. 

Broadly the high speed techniques tend to be less 
precise, e.g. many magnetic tape systems work to 7 bit 
accuracy, as against accuracies of 10 bits and upwards 
for slow speed systems; bandwidth considerations are 
clearly a limitation. The choice of approach and the 
optimization of a system for a given task can, and too 
often does, give rise to endless discussion of the niceties 
and elegancies of the many methods available. As a result 
wildly disparate estimates of the probable cost, complexity 
and reliability are current, to the detriment of the progress 
and prospects of a well established body of techniques 
already available. A selected bibliography at the end of 
this article shows how large a collection of material has 
accumulated in the past decade; too little of the material 
contains application data. The present article is aimed at 
filling that gap in respect of a particularly simple tech- 
nique for obtaining data at modest speeds. It is hoped 
to show how simple the basic process of taking digital 
data can be made. More important perhaps it indicates 
that at the present time with an instrument industry 
bedevilled by the ‘development contract’ and large scale 
orders, it is practical and economical for new workers 
to produce useful data processing equipment for them- 
selves with average laboratory or workshop facilities. 


Servo Operated Instruments 

Precision analogue methods of observing pressure, tem- 
perature, strain, position and the like commonly employ 
self-balancing devices such as strip chart recorders, poten- 





* Aircraft Research Association Ltd. 
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tiometer indicators and automatic Wheatstone bridges or 
else utilize transmission by magslips, synchros, step 
repeater motors or more complex r.p.c. mechanisms. From 
all these an analogue output in the form of the rotational 
displacement of a shaft is available. This is no more than 
a change of representation of the analogue quantity being 
observed; it is still essentially analogue in form and con- 
tinuous. There may, of course, be many other changes of 
representation prior to the input to the recording device. 

Analogue instruments may be broadly divided into two 
categories in terms of accuracy: 


(1) Visual indicators and recorders of the self nulling 
type. These are limited in precision by the noise and drift 
levels at the servo amplifier input. Commercial chart 
recorders, for instance, are normally constructed to have 
an accuracy of written record of between 0-5 and 0:3 per 
cent of full scale above a full scale deflexion sensitivity 
of 5mV. Below this range a constant discrimination of 
typically 12uV is exhibited. However, when the discrepan- 
cies due to pen carriage drive arrangements are deducted, 
selected linear slidewires employed and due attention 
given to input noise levels accuracies of 0-1 to 0-2 per 
cent are quite feasible in the positioning of the main slide- 
wire shaft for full scale ranges above 2mV. Hence digital 
representations quantizing to about 1 part in 1000 will 
suffice. Typical full scale balancing times are 2 to Ssec. 


(2) Position transmission links with inherent angular errors 
or ambiguities such as synchros or repeater motors. Where 
torque transmission is required the link elements may per- 
form many revolutions in traversing full scale and the 
precision may be increased indefinitely at the expense of 
speed, by increasing the number of revolutions in the span, 
since angular discrimination is constant. Similar considera- 
tions apply to modern synchro links in which the elements 
have high inherent accuracies but torque transmission is 
achieved by the use of a velocity servo. Typical applica- 
tions yield accuracies of 0-01 per cent of full scale and 
digital quantizing to 1 part in 10000 is required: full scale 
traverse time is typically 20, to 50sec. Thus the bulk of 
the analogue instruments suitable for digital applications 
may be satisfactorily digitized with a quantum rate of 
about 500 counts/second. Normally digital data is sampled 
rather than recorded continuously and the sampling rate 
of a single channel will lie below 10 per second. 


Digitizing 

Digitizing an analogue quantity makes the basic assump- 
tion that it may adequately be represented by a sufficient 
number of discreet intervals. The choice of the number 
of intervals is clearly bound up with the accuracy require- 
ment but depends upon less obvious factors such as the 
rate of change of the analogue quantity and subsequent 
processing and computational techniques. It is important 
when planning an installation initially that the required 
precisions and discriminations be clearly stated and under- 
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stood. Over statement of accuracy requirements can lead 
to inordinate expense and complication of digitizing 
apparatus. Moreover precision is only adjustable stepwise 
e.g. by adding another binary digit which is impracticable 
beyond a well defined limit. Thus it is vital that the 
accuracy specification reflect real needs and not what ‘it 
would be nice to have’. 


PRACTICABLE PRECISIONS 

The limiting precision that can reasonably be expected 
from a single turn or single speed digitizing device is about 
| part in 1200 unless physical bulk is unobjectionable. 
This adequately covers present self-balancing instruments 
and certainly all the transducers of engineering quantities 
in normal use. Two speed or multi-turn devices can be made 
with precisions of 0-01 per cent or even 1 in 32000 which 
covers the range of familiar r.p.c. devices and the very few 
long-scale constant dicrimination devices available e.g. self- 
balancing weigh beams. 





cial recorder 








Fig. 1. Digiti disk ted on a 


It is widely held that an accuracy once achieved imme- 
diately becomes the minimum requirement of the next 
specification sent to the instrument department. There 
seems however to be little prospect of bettering the above 
figures unless some other attribute, usually life or reliability, 
is to degenerate. 


By far the bulk of digitizing devices is aimed at linear 
input/output relationships but curve fitting and function- 
generating types are practicable. Their precisions will 
generally be somewhat less than those quoted above 
especially if large slope changes exist in the functions. 


SHAFT PosITION ENCODERS 


Shaft position encoders are one class of a wide variety 
of available or feasible methods of analogue-to-digital 
conversion’ *, Burke® lists 17 fundamental methods of con- 
version and the appended bibliography gives a fair survey 
of the techniques available. It appears to be true of 
analogue-to-digital convertors, as of transducers, that any- 
one can think of a new one—the difficulties of realization 
are often considerable. The shaft position digitizer is of 
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especial importance, however, since it allows accepted and 
readily available instruments to be employed as sources 
of digital data. 

Most recorders or transmission links are powered by 
a small servo motor which may perform between 5 and 
500 revolutions in traversing full scale travel. It is seldom 
feasible to add much torque loading to the motors without 
loss of accuracy even if the inevitable increase in inertia 
loading can be accommodated in the stability margin of 
the loop. Consequently the shaft position encoder is usually 
driven at some point considerably geared down from the 
motor at which level the added friction torque can be 
accommodated. Where a variety of instruments are to be 
integrated into a unified scheme it is often more orderly 
to reduce all shaft motions to a single-turn-full-scale basis 
except where a genuine requirement for accuracies better 
than 1/1000 of full scale exists, e.g. flow measurements. 
Fig. 1 shows a typical single turn digitizer mounted 
directly on the slidewire shaft of a potentiometer recorder. 


Construction of a Digitizer 
The digitizer used is basically a form developed at 
R.A.E. Farnborough® although commercial digitizers of 





Fig. 2. Components of a digitizer disk 


exactly similar principle are well known. As Fig. 2 shows, 
it consists essentially of a coded disk and a brush set. 
The coded disk is made by photo-engraving on copper, 
from a glass master negative, a pattern of copper lands 
arranged in annular tracks providing conduction with the 
brushes. The lands are separated from one another by 
filling the etched-out interspaces with an insulating resin 
(Araldite 103). The production of the glass master negative 
is discussed below under coding, but it may be noted here 
that masters exist already for most of the usual code forms. 

The filled copper disk is cemented to a backing plate 
of good grade Tufnol and the commutating surface lapped 
by hand since lack of flatness in the copper engraving 
after cutting of bores, etc., makes local working essential. 
In practice machine grinding is continued down to 
+0-005in. 

The brushes comprise 1/16in balls housed in silver steel 
bushes and held in contact with the commutating surface 
of the copper disk by means of small helical springs which 
also provide the electrical contact. The spring pressures 
are kept within 50g as measured on a relay springset gauge 
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since this pressure has a marked effect upon the wearing binary code, because it contains such transitions as 








properties of the device and also, together with other 511 (111111 111) to 512 (1 000 000 000) is particularly prone por 

factors, upon the accuracy. The brush arrangement is seen _ to errors of reading when brushes are on the edge of such a rad 

in Fig. 3. The brushes are arranged in spiral fashion transition (Fig. 4(a)). By rearranging the elements of the of 

around the disk so as to avoid the difficulties of radial code so that only one digit changes at any transition such der 
row grouping: the starting points of successive annular difficulties can be avoided. The rearrangement into this 

tracks being correspondingly staggered on the engraving. cyclic progressive form is not confined to the binary system « 
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Fig. 3. General arrangement of digitizer disk 
Apart from the engraving work, which was done com- but can be carried out by simple logical operations for 
mercially, the digitizers were made in the machine shop. systematic codes of any radix®. A section of the cyclic pro- 
Turning and boring tolerances were laid down to yield a_ gressive binary scale before staggering, is shown in Fig. 
concentricity of better than 0-005in since a cyclic error of 4(b). This code is also referred to as reflected binary or | 
1 part per thousand arises if this is exceeded. The brush Gray code. Unfortunately it possesses no simple arithmetic 
holders were positioned to +0-000Sin radially and 6min of so that additions, multiplications and digital-to-analogue | 
arc in relative angular position. The completed digitizer conversions become unduly elaborate. Hence the cyclic ( 
has an operating torque of about 2o0z.in principally due to progressive form is usually retained in a system only until | 
the radially-rigid uncaged ball-bearing used to support the . 
brush carrier. The estimated cost of manufacture was about Brush t 
£20 per unit spread over a batch of 24 (excluding overheads). ¢ 


Choice of Coding 


Many factors affect the choice of a coding for digital 
readouts, but the use to be made of the data after reading 
has most weight. In many applications the data is destined 
for a digital computer and is almost always required to be 
stored in permanent form. Where monitoring or super- 
visory facilities are not the primary objective the use of 
decimal coding or its variants, e.g. binary coded decimal, 
has little attraction. In terms of simplicity of circuits, flexi- 
bility and ease of maintenance code forms based on the 
radix 2 are attractive. No real difficulty has been 
experienced in training technicians and engineers to read 
and think in binary. The advantages of simplicity and con- 
sequently enhanced reliability offset the educative effort 
involved. 


CyYcLic PROGRESSIVE CODES 


All engraved disk or commutator type digitizers must 
perforce employ a form of unambiguous coding or else 
special bush gear arrangements’ to avoid ambiguities. The 
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(a) 














Count O ! 2 


(b) 

















Fig. 4. Method of rearranging binary scale to avoid ambiguities 


that stage beyond which ambiguities will not arise, at which 
point decoding into the more familiar form is carried out. 
Cyclic progressive codes, being merely a rearrangement of 
the code from which they are derived possess no additional 
error detecting properties, although by the addition of 
redundant bits an error detecting form may be derived’. 


CoDE CONSTRUCTION 
A cyclic progressive form may be derived from a 
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systematic code by simple logical operations on the ‘ pure’ 
code form. If t!.e digits of an integer in a pure code of 
radix R are denoted by Pi, Ps, Ps... Pa in increasing order 
of significance then a cyclic progressive form may be 
derived in either of two ways 


(a) Parrallel Method 

The relation is simply Cy = Px if Pxi: is even or if Px+: 
is odd Ck = (R — 1) — Px where CiC2C3.. . etc. are the 
cyclic digits in ascending significance. Table 1 shows the 
procedure for decimal (R = 10) and binary (R = 2). It will 
be seen that in both cases a multiple digit transition is 
reduced to a single digit transition. 


















































TABLE 1 
DECIMAL BINARY 
Cx=Px, Px+i even Cx=Px, Px+1 even 
Cy=9—Px, Px4i odd Cy=2—Px, Pras odd 
P, Ps Pz Py | Ce Cs C2 Ci | Pa Ps Po Pr | Cy Cs C2 Ci 
Se 7 £189 £2 tie ££ Ste Ft SS 
0 7 9i@o sez @isa tt t £€is tt ee 
SS &€ Gis ds ££ COI Fe Oiit ts 
eS 3 € £18 3 4 21? © EC Ltt tt 2 
Pure binary input 
mal 
e-, |? 
tat ' 
View pure 
digits 
View cyclic 
digits 





Cyclic binary output 


Fig. 5. Simple pure binary to cyclic progressive binary translating aid 


(b) Serial Method 

This is less apt for code construction but a similar prin- 
ciple is useful for reverting to the pure form. In this case 
the sum of the more significant digits preceding the cyclic 
digit being formed is examined and used as a discriminant. 


a 
ie. Ce = Px if } Cx is even and Cx = (R — 1) — Px if 
n-k-1 
the sum is odd. Table 2 shows the procedure for binary 
numbers. The method is essentially serial since Cy cannot 
be determined until Cx+1 is known. 


The parallel method is to be preferred for code forma- 
tion as all the requisite data is available in familiar easily 
checked form and errors invalidate only one element of the 
result which is likely to be more readily detected. The 
labour of constructing a binary code can be reduced by the 
use of a simple analogue mechanism shown in Fig. 5. 


























TABLE 2 
. +. FF 
Pa | oO 1 o 1 1 0 
CK | 0 I I I 0 I 
Parity 0 1 0 1 1 és 
of >Ce | 
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PREPARATION OF MASTER NEGATIVES 


Where masters are not already available two methods 
of procedure have been successfully applied: 


(a) A large scale drawing, including a precise gauge 
length for guidance in subsequent reduction processes, 1s 
prepared: the accuracies required in construction, e.g. 
+3 minutes of arc necessitate very large scale drawings, 
and suitably large reduction equipment free from aber- 
rations throughout the field are not common. 


(b) A method well suited to engineering establishments 
was originated at R.A.E. Farnborough”. In this method 
the conduction/non-conduction patterns along successive 
radial stations are punched as hole/no-hole patterns in a 
succession of business-machine punched cards. The 
negative is then prepared by exposing a photographic plate 
mounted on a dividing head to the collimated slit image 





Fig. 6. Patterning of a 1 200 step cyclic progressive binary scale 


of these cards, one at a time, the plate being advanced 
stepwise between exposures until a complete annulus has 
been formed. Subsequent processes are carried out using 
contact prints or reductions of this master. Fig. 6 shows 
the patterning of a 1200 step cyclic progressive binary 
scale, the successive tracks of which have been staggered 
relative to one another. It may be noted that the five outer- 
most tracks (less significant) are unchanged in this process 
since they repeat an integral number of times in the peri- 
phery of the scale. One benefit of the cyclic code form 
is that the repetition interval of the least significant digit 
is four integers as against two for pure binary so that the 
engraving of the least significant track is correspondingly 
eased. The preparation of the card pack for the master 
was originally done by hand but is a very suitable exercise 
for a digital computer. 


Accuracy and Life Testing 

Completed digitizers are subjected to a careful scrutiny 
after assembly: a primary test is to ensure that all the 
possible code combinations occur in the correct order with 
no drop-outs or skips to wrong combinations. This is 
simply done by visual inspection of a set of test lamps. 
It is generally found that a considerable scatter of the 
arc distances over which a given contact pattern is main- 
tained occurs. Table 3 shows a typical extract from such 
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a test record for a 1 200 count digitizer prepared by the 
punched card method. 


























TABLE 3 
COUNT ARC 
(deg.) (min.) (min.) 
171 51 15} 223 
172 51 334 18} 
173 51 43? 10} 
174 52 09} 154 
175 52 28} 19 
176 52 444 16} 
177 52 56} 11} 
178 53 15 18? 
179 53 ; 394 244 
180 53 50} 102 
Mean Arc 17’ 


Since the device is quantized in its output this scatter 
does not alter the discrimination of the device which is 
limited to +1 count by the ambiguities of the brush pick- 
off provided that no cumulative errors occur such that N 
successive intervals sum to more than N +1 nominal 
intervals (18’ in this instance is the nominal interval) or 
to less than N—1 nominal intervals. Tests show that these 
limits are only just adhered to in the case of card con- 
structed disks but rejections on this score have been rare 
even after wear. Most rejections have been due to exces- 
sive lapping of the filled copper disks resulting in the 
exposure of irregularly shaped lands arising from the 
under-cutting of the sharply defined outlines of the photo- 
graphic pattern that occurs during engraving. 


WEAR TESTING 


The primary effect of wear in this form of digitizer is 
to form a groove along the path of the ball contacts. Such 
grooving will clearly extend the arc of contact of a ball 
with a flat land and this accounts for some of the scatter 
noted above: the spring pressure is obviously of prime 
importance here. 


Wear apart, an empirical expression due to Bane 
(unpublished) relates the apparent increase in the elec- 
trical arc of contact to the mechanical length to the 
current and voltage at the contact as well as the spring 
pressure. The relation is of the form 


AL =a+ bP +cV -—dl 


where a, b, c and d are positive constants; the expression 
appears to be valid for the values of voltage and current 
involved in relay readout of digitizer disks. The device 
described herein has sufficient diameter to make these 
additions to path length relatively unimportant, but they 
clearly form a limitation to the design of compact devices 
constructed on the same principle. 


A preliminary batch of digitizers was subjected to oscil- 
latory rotation of + 150° and period about 4sec. Correct 
pattern succession was tested for at intervals of 50000 
reversals. The earliest failure was at 600000 reversals 
and successful operation beyond 2 x 10° reversals was 
obtained before abandoning the test. Physical examina- 
tions showed that the majority of the wear occurred in 
the first few tens of thousands of reversals: simultane- 
ously a _ soot-like powder was produced (christened 
‘ Araldite oxide’ but of uncertain parentage) chiefly dele- 
terious in clogging the bores of the brush holders and 
causing loss of brush contact. The initial accumulation 
having been cleared no further deposits were noted and 
little apparent increase in ball track grooving occurred. 


End of life as determined by coding errors outside + 1 
count arising, was in many cases due to tracking through 
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of the filling compound due to excessive current commy. 
tation during checking. It is important in use that thege 
devices are not allowed to commutate current: continuous 
commutation tests showed that life exceeding 5000 
reversals could not be expected under these conditions 
(relay currents of 20mA were involved), since the defini. 
tion of pattern edges become blurred by arcing. It js 
believed that end of life in installed digitizers is usually 
brought about by arcing at the single ambiguities which 
may occur even with the disk at rest for readout. 


Lives, expressed as the total number of quanta traversed, 
but not necessarily read out, significantly better than the 
above figures do not appear to have been achieved with either 
single or multiturn digitizers commercially available except 
where the reading brushes are arranged to be lifted out of 
contact with the coded plate(s) during traversing, with con- 
siderable increase in cost and complexity. It has been found 
economical and practical with the pattern described herein 
to regard the copper plate and its backing as expendable 
and to carry a stock of replacements—these cost about £5 
each once a master negative is available. In an installa- 
tion of about twenty such encoders two replacements have 
been made in 18 months of regular operation. 


Decoding Operations 

A fundamental decision in planning a data collecting 
system is the choice of the point at which multiplexing is 
to be carried out. The multiplexer or scanner may be 
designed to handle digital data in serial fashion or in 
parallel and the decoding operation may take place ahead 
of or subsequent to multiplexing. In the latter case it 
will be necessary to hold stationary the source of the 
data throughout the scanning period and this may involve 
locking up the observational instruments for a consider- 
able period. In many instances such a ‘flying blind’ 
period may be dangerous or wasteful and efforts to mini- 
mize it are generally worthwhile. 


Parallel data handling is no more expensive than serial 
methods when electro-mechanical speeds of operation are 
acceptable. The digitizer disk offers an essentially parallel 
output in the form of closures to a common line. Whether 
parallel or serial multiplexing is used it is useful for many 
reasons to complete decoding prior to the multiplexer. To 
minimize the lock-out period of the instruments storing may 
be conveniently added at the decoding stage so permitting 
scanning to be performed later, at a rate suited to the 
recording medium. The digitizer and the decoder/store then 
constitute a basic unit or channel that can be multiplied 
a suitable number of times to cover an installation inde- 
pendently of the multiplexing operation that follows. In 
this form it may be it could even be applied to existing 
installations with a minimum of interference to normal 
operation. 


DECODER LoGics 


Again two methods of approach are possible: with the 
terminology of the earlier section one may represent them 
in tabular fashion as shown in Table 4. 























TABLE 4 
SERIAL MODE PARALLEL MODE 

QD 
Ce + Prat = Pr Cx + SC = Px 

n-k-l 
0 + 0 = 0 0 b 0 = 0 
1 aa 0 1 1 ! 0 = 1 
0 + 1 > oo [: - f 
1 + 1 : 0 1 + 1 = 0 
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Fig. 10. Typical installation of decoder /stores 


plied by the number of bits, i.e., about 200msec for a 10-bit 
instrument. 

As the memory relay falls back the decoded information 
is held by the action of the self hold contacts on the ‘ pure’ 
relays which lock up on their second coils. The pure binary 
relays then retain the digital data as long as the supply is 
maintained. The cyclic relays are cleared down and do 
not follow subsequent movements of the digitizer: the 
storage period is terminated by a brief interruption of the 
power supply (‘ clear-down’ contact). 


DECODER CONSTRUCTION 


In order to keep costs low and maintainability high the 
decoder/store was constructed from standard K3000 relays 
(P.O. major). The open construction shown in Fig. 9 has 
given extremely reliable service even during accelerated 
life testing when deliberate accumulations of dust were 
permitted prior to and during testing. Ten years equivalent 
normal operation was applied without failures: in-service 
failures of a batch of 18 over 14 years have totalled three, 
only one of which was due to contact defects. No errors 
in recorded data have been attributed to decoders during 
scheduled running involving over one million decoder 
operations. The decoders were produced in the laboratory 
at a cost of about £50 each (time and materials). 

The dimensions of the decoder/store are somewhat large 
(12in x 18in x 3in) and could no doubt be achieved in a 
much smaller volume. Such compression has no intrinsic 
merit and will certainly reduce serviceability. 
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Data handling equipment should essentially be accessible 
and Fig. 10 gives an impression of the entire decoding/ 
storage apparatus for a 14 channel readout being installed 
in a supersonic wind tunnel control area. It is housed inp 
a 7ft, 224in relay rack: the space in the lower right- 
hand region will house the particular form of multiplexer 
required to sequence results from the stores into pre. 
arranged locations on punched cards. The rack and the 
associated card punch form the complete data taking 
installation. 


Conclusions 


A digitizer-decoder-store block suitable for building into 
digital data handling installations has been described and the 
construction processes outlined. Such blocks are capable 
of being produced in the laboratory or workshop for under 
£100 each. They are reliable and accurate in service and 
cost little to maintain. 
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VIBRATION 


MEASUREMENTS 


Employing Ba TiO, Accelerometers 


By Jens T. Broch*, Dipl.ing.E.T.H. 


The possibility of measuring the properties of mechanical structures by means of electrical methods 

is generally appreciated. However, the introduction of piezo-electric ceramics such as barium titanate 

opens new possibilities in miniaturizing the mechanical-electrical transducers, thereby reducing the 

‘back effect’ of the transducer upon the test-object, and making measurements possible in places 
where space is limited. 


Furthermore, employing ‘ automatic measuring technique’ a complete frequency-amplitude diagram 
(spectrogram) of complex vibrations can be obtained in a few seconds. A consideration of the basic 
ideas behind such systems as well as a description of a commercially available system is given. 


N modern design and maintenance of mechanical 
| structures it is of great importance to be able to determine 
the magnitude and frequency of vibrations occurring at 
different places in the structure when it is subjected to 
dynamic forces. Not only is it possible from the measure- 
ment of vibrations to apply an effective insulation tech- 
nique and thus reduce the external effect of the vibrations 











~~ 








es a 
' 
VIBRATING BODY ls ' 








Le ct ee ae es ae ans ee ee ean ane 


MASS 
2 

PRELOADING a. Ly 
SPRING ot 


MASS ‘a’ 


v = (@s/at) and a= (av/at) = (d*s/at*) 
where s is the displacement, v the velocity and a the 
acceleration. 
Using electronic equipment in connexion with a vibra- 
tion pick-up it is not normally essential which of the three 
quantities are actually measured by the transducer, because 
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Fig. 1. (a) Principle of construction of modern wide range accelerometers 
(b) Equivalent mechanical diagram of an accelerometer 
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(Briel & Kjer, Type 4329) 





to a minimum, but quite often the measurement of vibra- 
tions enables the detection of faults in the motivating unit 
to be made. 

Recent development of mechanical-electrical transducers, 
together with reliable and sensitive electronic measuring 
equipment has made it possible to measure the dynamic 
properties of mechanical structures with a high degree of 
accuracy. Such measuring techniques have become an 
important factor in development. 

In the following a measuring system based on the use 
of piezo-electric accelerometers will be described, and 
some examples of their application to actual industrial 
problems given. 

There are three variables in a vibrating system which are 
of interest: the acceleration, the velocity and the displace- 
ment of the system. 

These variables are connected through the well known 
relationships: 





* A/S Briiel & Kjar, Denmark. 
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the remaining quantities can be found by electronic 
differentiation or integration. 

However, due to the fact that the output from an 
accelerometer is proportional to the force applied (F = 
m . a) this type of pick-up will be the most convenient one 
to use in many vibration-measurements. 

Fig. 1 shows the principle of operation of a piezo-electric 
accelerometer. 

It consists basically of a mass-spring-system, the move- 
ment of the mass m producing a strain e in the piezo-electric 
material. The strain e in turn produces a potential differ- 
ence in the material, depending upon the material's piezo- 
electric properties. 

To give a clear understanding of the operation of the 
accelerometer the equation of motion of the mass m should 
be considered. 

If the absolute movement of m is denoted by y, and the 
movement of the ‘ base’ is denoted by x the relative move- 
ment of the mass € is: 


E=y-z 
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Fig. 2. Typical frequency characteristic of a wide-range accelerometer (Briiel & Kjer, Type 4329) 


The force acting on the spring will thus be: 

F,= —k.€ 
where k is the ‘ spring-constant ’. 
The damping force Fa (see Fig. 1(b)) is equal to 

Fa = —D. (d€/dt) 

and the total external force moving the mass m must be: 

ex =m . (d’y/dt*) 
m . (@y/dt?) = m(@E/dt + d’x/dt) = —D (d€/dt)—k.€ 
or 

—(#x/ dt’) = (#E/dt*) + (D/m) . (dE/dt) + (k/m) . € 

By assuming the system to be subjected to a sinusoidal 
vibration x = X, . COS wf a solution to this differential equa- 
tion is: 


ow 


$= = Tikim — w+ D/my 
The natural frequency of the mass-spring-system is deter- 
mined by: 


COS (wt — 9) 





Wo = V(k/m) 
and for frequencies much lower than this value: 
& = (m/k) . w* . xa . COS (wt — ) 
assuming the damping term to be negligible at these lower 
frequencies. 

Comparing this expression with 

(d’°x/ dt?) = —Xaw* . COS wt 
it is clearly seen that the strain e which is proportional to 
€ will also be proportional to the acceleration of the vibra- 
tion considered. 

The output voltage from the pick-up will therefore be 
proportional to the acceleration of the vibrations to which 
it is subjected, as long as the accelerometer is operated 
below its mechanical resonance frequency. A typical fre- 
quency characteristic of an accelerometer employing 
barium titanite as piezo-electric material, Fig. 1(b), is given 
in Fig. 2. 

The equivalent diagram of a piezo-electric accelerometer 
will be as shown in Fig. 3, with a generator, whose output 
voltage is directly proportional to acceleration, in series 
with a capacitor C,, and loaded with the insulation resist- 
ance of the accelerometer itself, Ra. 

The low-frequency cut-off of the accelerometer is deter- 
mined by these constants. Loading the output of the 
accelerometer with the input impedance of an electronic 
amplifier reduces the value of R, and raises the low- 
frequency cut-off of the system. It is therefore of import- 
ance to use an amplifier with a high input impedance, as 
the first ‘link’ in the amplifying and measuring system. 

This system may consist of a valve-voltmeter only, or of 
more complicated amplifiers in connexion with filter net- 
works, for the analysis of the vibration frequency spectrum. 

Several measuring systems have been developed which 
are more or less convenient for the different types of vibra- 
tion measurements and analyses met in practice. 

A ‘standard’ type of measuring arrangement offering the 
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Fig. 3. Equivalent el ~ diagram of an accelerometer when connected to 
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advantage of obtaining automatically a complete frequency- 
amplitude diagram of the vibrations considered, is shown 
in Fig. 4. 

Basically the system consists of an accelerometer, a pre- 
amplifier which should load the pick-up as little as possible, 
a selective amplifier and a direct-writing level recorder. 

The pre-amplifier is placed close to the measuring point 
to avoid the use of a long connecting cable between the 
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Fig. 4. Measuring arrangement for vibration measurements on a motor 


accelerometer and the pre-amplifier, as this in many cases 
influences the sensitivity of the set-up and invalidates the 
accelerometer sensitivity data given by the manufacturer. 

From the equivalent diagram of Fig. 3 it is seen that a 
capacitive voltage division takes place between C, and the 
cable capacitance C,, the input voltage to the pre-amplifier 
thereby being reduced. 

The accelerometer shown in Fig. 1(c) has an internal 
clamped capacitance of approximately 700pF. The relation- 
ship between the length of cable and the decrease in sensi- 
tivity is shown in Fig. 5 for a cable of approximately 
60pF/m. Furthermore the low-frequency cut-off of the set-up 
will also be influenced, and using the symbols of Fig. 3, the 
resulting cut-off frequency will be: 


fo = 1/(27RC) 


where C is the parallel combination of C, and C,., and R 
is the parallel combination of Ra, R. and Ry». 


This effect may be used to extend the measuring range 
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Fig. 5. Typical curve showing the reduction in sensitivity when an 
accelerometer is connected to the pre-amplifier via a connecting cable 


downwards when it is desired to measure at extremely low 
frequencies and when a loss in sensitivity can be tolerated. 
Normally, however, the effect of the cable upon the fre- 
quency characteristic will be of no importance, and only 
the loss in sensitivity must be taken into account. 

The main function of the pre-amplifier is thus to ‘ trans- 
form’ the high output impedance of the accelerometer to 
a lower impedance so that any desired length of cable can 
be employed between this amplifier and the analyzing and 
recording arrangement. 

Quite often, however, the pre-amplifier also 
contains the integrating networks necessary for 
the measurement of velocity and displacement of 
the vibrations considered. When only pure sinu- 
soidal vibrations are being measured it is not 
strictly necessary to employ these networks 
because the velocity and the displacement can be 
found mathematically from the measurement of 
acceleration as: 


Velocity, 


t t 
v= f adt =A if COS (wt) = (A/w) sin (wt — i) —_ 
° ry npu 


and 
Displacement, 


tt t L 
=s{{ adtdt = { vdt = (A/w) [ sin(wt —ovdr 

oo oO o 

= —(A/w’) . cos(wt — 2) 

On the other hand, when measurements are 
carried out on vibrations having continuous fre- 
quency spectra neither the velocity nor the dis- 
placement can be found mathematically purely 
from acceleration measurements, and it is there- 
fore practical to use a pre-amplifier with built-in 
integrating networks. 

The selective amplifier 
used in the set-up of Fig. 
4 employs a series of 


Pre-amplifier 





switching arrangement included in the filter output circuit. 

The filter switch can be mechanically coupled to the 
motor-drive in the level recorder, Fig. 4, whereby the 
switching can be carried out automatically. By selecting a 
proper paper speed on the level recorder the paper can be 
run in synchronism with the frequency sweep of the 
analyzer filter switch. It is then possible to use pre-printed, 
calibrated recording paper, whereby a written, calibrated 
frequency amplitude record of the vibrations being 
measured can be obtained, (see Fig. 8). 

The operation of the level recorder used in the measuring 
arrangement described is based upon the servo-principle, 
(see Fig. 7). 

When the magnitude of the voltage applied to the 
input terminals is changed a current will flow through 
the driving coil of the writing system, thus moving the 
stylus, which is mechanically coupled to the input potentio- 
meter. By the movement of the stylus the voltage delivered 
from the potentiometer to the a.c. amplifier will be altered 
until a stable condition is regained. In this way it is possible 
to obtain different ranges of voltage variations which can 
be recorded, by employing different input potentiometers. 

To illustrate the use of vibration measurements in 
modern industry a typical application of this measuring 
technique is given below. A measuring set-up as shown in 
Fig. 4 is used to detect mechanical faults in rotating 
machinery. 






>> 






Filters 


(a) 


Fig. 6. (a) The selective amplifier used in the measuring arrangement of Fig. 4 (Briiel & Kjaer, Type 2109) 
(b) Filter curves for the selective amplifier 





band-pass filters, each 0O000000000000000000000 
filter having a bandwidth Meaneng Obtce : — 
of + octave and a heavy — 
attenuation of frequencies 
outside this pass-band (see 
Fig. 6). 

To reduce the effects of rat 
transients produced when nies 
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the input circuits of the fil- 
ters are paralleled and the 
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This type of measurement can be used for production 
control of motors and generators, and the only requirement 
to be satisfied is that each test object must be mounted in 
exactly the same way. A typical example of spectrograms 
obtained from tests on small a.c. motors is shown in Fig. 8. 
In Fig. 8(a) the spectrogram of a ‘ normal’ motor is shown, 
this may be compared with Fig. 8(b), in which the result 
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grams greatly reduce the time and work spent on finding 
the correct insulation technique in each case. 

Examples of spectrograms obtained from measurements 
of vibrations on the floor close to where a motor has been 
mounted are shown in Fig. 9. Curve A was measured with 
the motor set-up on solid supports and curve B when it was 
suspended on vibration absorbers. 





5 


Dc WAXED 
AMPLIFIER PAPER 





| 
































DMSYASSy 








Fig. 7. The level recorder used in the measuring 
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Fig. 8. Spectrograms obtained from vibration measurements on small a.c. motors 
(a) Vibrations from a ‘normal’ motor 
(b) Vibrations from a ‘faulty’ motor of the same type 


obtained from a motor with a faulty bearing can be seen. 
Sound spectrograms were also taken of the noise radiating 
from the two motors, but no significant difference was found 
between these curves. 

Another important type of vibration measurements is the 
measurement of effectivity of vibration insulation materials 
and installations. It is well known that vibration will irritate 
human operators, the irritation effects being dependent upon 
both the frequency and the magnitude of the vibrations. 
Furthermore vibrations may cause damage to expensive 
machinery or buildings, unless attention is given to insulat- 
ing and damping their effects. 

Insulation may sometimes be a rather difficult problem, 
and the use of automatic recording of vibration spectro- 
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The examples of vibration measuring technique given 
here are meant only as illustrative examples of the use of 
a measuring set-up as shown in Fig. 4, and there are, of 
course, many other fields of technical importance such as 
the vehicle, ship and aircraft building industry where vibra- 
tion measurements are applied. 

The evaluation of the measuring results shown in Figs. 
8 and 9 is based on relative measurements, and the absolute 
calibration of the measuring arrangement is then of less 
importance than when accurate absolute measurements of 
vibration levels are to be taken. In cases where it is desired 
to know these levels the frequency response and accuracy 
of each instrument must be considered or the complete 
set-up must be calibrated as a whole. 
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Fig. 9. Spectrograms showing the effect of vibration insulation 


Curve a was obtained without employing a vibration insulation technique and curve B was measured when vibration 
absorbers had been installed 


The pre-amplifier used in the set-up of Fig. 4 is equipped 
with a ‘ vibrating table’, and an absolute calibration of the 
measuring arrangement can be made at an acceleration 
level of 1g = 98lcm.sec~*. The frequency characteristic 
must either be calculated on the basis of the frequency 
characteristic given by the manufacturer for each separate 
instrument in the measuring system, or measured under the 


conditions actually present in practice. If the resulting fre- 
quency characteristic is calculated, however, the effects of 
connecting cables must then also be considered. 
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Components Symposium at Malvern 


The first international symposium on electronic components 
was recently held at the Royal Radar Establishment at Malvern 
and its purpose was to review and discuss component develop- 
ment, new materials and new techniques for components 
operating under the severe environmental conditions imposed 
by their use in supersonic aircraft and guided missiles. Under 
the chairmanship of Brigadier J. D. Haigh (Director of Elec- 
tronics Research and Development Telecommunications Ministry 
of Supply) some twenty-seven papers were presented, covering 
practically every type of component, with the exception of the 
valve and cathode-ray tube, for use in modern electronic 
equipment. 

_The full proceedings of the Symposium, together with the 
discussions of the papers will be published by the end of the 
year. 

The Laboratories of the Technical Services Division were 
open to the delegates attending the symposium and on view 
were the latest examples of component development, construc- 
tional techniques and environmental testing methods.. 

Among the facilities for environmental testing is a strato- 
spheric test house which is designed to simulate, in the labora- 
tory, any known climatic condition to which components or 
equipment in an aircraft may be subjected. 

The test house has a temperature range of from —85°C to 
+ 150°C with a pressure range of 20lb/in? absolute to 75 000ft 
altitude and humidity range of 30 per cent to saturation. 

The particular features provided are: — 

(a) Short times taken to obtain —55°C or high temperatures. 

(b) Approximate simulation of the flight plan climatic environ- 
ments of the equipment bay in supersonic aircraft. 

(c) . — range of combined temperature, humidity and 
altitude. 

_ It is the only known chamber in the U.K. capable of provid- 

ing these facilities. 

Temperature is reduced by two coolers inside the vessel. 
Temperatures down to —40°C are obtained by circulating 
through one cooler trichlorethylene when is pumped from a 
storage vessel held below —40°C by a 75 h.p. ammonia plant. 
Temperatures below —40°C are obtained by direct expansion 
of arcton 3 from a 35 h.p. compressor in the second cooler. 

Heating is obtained from a 66kW three-phase heating bank 
of sheathed elements. Humidity is obtained from steam pro- 
duced by a 30kW electrode boiler; humidities below local 
ambient are obtained by first condensing out all the moisture 
in the vessel and then adding as_ required. 

A constant mass flow air circulation is provided within the 
vessel by a 40in diameter two-stage axial flow fan driven by a 
5 h.p. variable speed motor. A ducting and plenum system in 
the vessel ensure adequate uniformity of temperature in the 
test space. Flow rates for the fan range from 33 000ft?/min at 
altitude to 3 000ft?/min at sea level. 
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Pressures in the test space are obtained by a 35 h.p. 2-stage 
rotary vacuum pump remotely housed in a sound proofed room. 

A further facility of the Laboratories at R.R.E. Malvern 
is an Automatic Component Testing Equipment (ACTE) for the 
testing of batches of resistors up to 1000 in number over a 
wide range of climatic conditions. 

It consists of a test chamber Sft x 6ft x Sft into the to 
of which fits a jig-block carrying the components to be tested. 
Temperatures between —75°C and + 100°C can be provided and 
held to within +2°C. 

About 5°C the humidity can be controlled between 10 and 
95 per cent to an accuracy of 2 per cent. 

The equipment can test 1000 resistors of values between 
102 and 1M®, one value at a time. The resistors are divided 
into four groups of 250, and each group is capable of being 
differently a.c. loaded to a maximum of 250W. 

Resistor measurements, which are made sequentially, each 
take 18sec. The switching of each resistor into the measurement 
circuit is controlled by the recording chart via a photo-electric 
cell. Measurements are made by means of a self-balancing 
Wheatstone bridge which automatically records the readings 
as a percentage deviation from standard on a special chart 
recorder, using a single stamp marker. Each series of readings 
is displaced by 1/16in from the previous one, allowing space 
for approximately 40 measurements of each resistor on the 
chart, which is 200ft in length. 

Resistor measurement accuracy is within } per cent. 

The pan-climatic cabinet is heated by rod heaters, totalling 
7kW which are brought into operation as required. 

Cooling between 100°C and 38°C (approx.) is by means 
of mains water and between 38°C and 15°C by a 4 h.p, refrigera- 
tor. Below 15°C a 5 h.p. refrigerator is brought into operation. 
The appropriate means of cooling is automatically determined 
by thermostats in the pan-climatic cabinet. Two atomizers 
spraying distilled water into the cabinet introduce the required 
humidity. Reduction in humidity is effected by condensing out 
the water vapour using the cooling system. An air ceeuiation 
of 10ft?/sec is maintained by two fans. 

The automatic programming and control equipment obtains 
instructions from a pre-punched 5-hole Creed tape which moves 
3in/h past the transmitter head. A number of pre-set control 
circuits are brought into operation, These include 15 pre-set 
climate panels, resistor loading power units and resistor measur- 
ing circuits. The latter are not effective until standard conditions 
(20°C, 75 per cent r.h.) are achieved in the cabinet. 

The maximum length of test is limited only by temperature 
and voltage recording charts and is 120 days. Various interlock 
and inhibitor circuits are included in the equipment. 

Climatic control is achieved by using thermistors as wet and 
dry bulb thermometer elements which operate the nan-climatic 
gear through an electronic bridge circuit and amplifier. Poten- 
tiometers in the pre-set climate panels form another bridge 
arm. The bridge is balanced by obtaining the “pre-set” climate 
in the cabinet. 
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A Wide Band Analogue Multiplier Using Crystal Diodes 
and its Application to the Study of a Non-linear Differential Equation 


By Michael E. Fisher*, Ph.D. 


The detailed design, construction and alignment of an inexpensive wide band electronic analogue 
multiplier are described. Four-quadrant operation is obtained by the quarter-squares ag oe ge and 


each non-linear (squaring) unit employs twelve germanium diodes in the feedbac 


loop of an 


operational amplifier (as in MacKay’s designs). These units have an asymmetric quadratic charac- 
teristic and produce less than 1° phase shift at 50kc/s. The output errors of a multiplier are less 
than 0-3 per cent of the maximum output. 


Two multipliers have been used with a high-speed repetitive analogue computer to investigate a 
non-linear differential equation which depended on a number of parameters. 


HE need for a cheap, accurate and reliable electronic 

device to form a voltage proportional to the product of 
two other voltages has been felt for many years. Numerous 
devices to perform multiplication have been invented’, but 
it cannot be said that the problem has yet been solved 
ideally. If electronic analogue computing is to progress to 
handle more difficult non-linear problems, reasonably 
accurate multipliers must be readily available. 

Most multipliers that have been developed so far suffer 
from relatively severe frequency limitations which make 
them unsuitable for use in repetitive computers. Even at 
low repetition rates there must be ample bandwidth ‘in 
hand’ if the computing errors due to the frequency: limita- 
tions (first evaluated by Macnee’) are to be avoided. 

Some recently developed multipliers’ based on the use 
of specially designed electron-tubes promise better fre- 
quency response, but they are relatively costly. 

The present article describes the design, construction, 
alignment and application of a multiplier which, at 
moderate cost, provides a good frequency response and 
reasonable accuracy. 

The principle of quarter-square multiplication’ is used. 
The squaring is performed by networks of biased germa- 
nium diodes in the feedback paths of standard computing 
amplifiers. With this arrangement the phase shifts due to the 
diode capacitances may be compensated so that the non- 
linear units of the multiplier display negligible phase shift 
(less than 1°) up to 50kc/s. The design is essentially similar 
to a circuit described recently by D. M. MacKay’, but it 1s 
thought that a more detailed discussion of the procedure of 
design and alignment may be of value, and the present 
multiplier has been designed to achieve greater accuracy. 

By using 12 diodes in each squaring unit (i.e. 24 per 
multiplier) the maximum errors have been reduced to less 
than 0:3 per cent of the maximum output. (It is in the 
nature of the quarter-squares principle that the zero error 
may be of the same absolute magnitude as the errors else- 
where on the characteristic: since a product is normally 
integrated in practical computation, this is not too serious). 

In addition to 24 germanium diodes each multiplier uses 
five computing amplifiers; in the present case this means 
ten valves. The power supplies must be stabilized but may 
be of orthodox design. All components are standard and 
readily available. 


Design of the Multiplier 
Fig. 1 shows the block diagram of the multiplier. Five 
amplifiers are used; numbers 1 and 4 function merely as 
sign-changers while 5 is an adder. Amplifiers 2 and 3 (and 
their associated feedback and biasing circuits) constitute 
two similar non-linear units for which the output voltage 
is a quadratic function of the input voltage: 
oe ee ok on a (1) 


* The Wheatstone Physics Laboratory, Kings College, London. 
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x and y are the input voltages to the multiplier; they are 
fed directly to the second non-linear circuit (amplifier 3) 
whose output is 

Vos = alx+ y+ Dix+y)tc......., (2) 
The first non-linear circuit (amplifier 2) is fed with x and 
—y so its output is 

Voo = a(x — yl + d(x —y)tec........ (3) 
When equation (3) is subtracted from equation (2) the result 
is 

4axy + 2by. 

If the correct fraction of the input y is subtracted from this 
sum only the product term 4axy remains. These subtrac- 
tions are carried out in amplifier 5 whose output is thus 
proportional to the product xy. 


Non-linear diode 
Feedback network 











Non-linear diode 
Feedback network 


Fig. 1. Block diagram of the multiplier 


All input and feedback resistors except P2 and Rou may 
have the same value; this was chosen to be 100k{2. The feed- 
back resistors of amplifiers 1 and 4 were made adjustable 
over a 10 per cent range so as to permit accurate alignment 
of the multiplier (see below). The appropriate value of P» 
depends on the parameters a and b of the non-linear circuit. 
In the present case P, was variable between 40 and 60k. 

The value of Rout, the final feedback resistor is a matter 
of convenience (limited only by the linear range of ampli- 
fier 5) since it merely determines the scale factor of the 
output. If the time integral of the product xy is required. 
Rout may be replaced by a capacitance which converts this 
stage into an integrator. Small air trimmers (30pF maxi- 
mum) are connected across each input and feedback resistor 
in order to eliminate phase shifts (see below). 


Amplifiers 

The choice of amplifier is determined by the intended 
use of the multiplier and does not otherwise affect the 
design of the multiplier. In the present case the multipliers 
were constructed for high-speed repetitive analogue com- 
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putation. Accordingly the simple two-stage computing 
amplifier shown in Fig. 2 was used’. This is a high fre- 
quency compensated d.c. amplifier with a gain of about 70 
and a half-value bandwidth of about 750kc/s. An adding 
circuit including this amplifier has a bandwidth of more 
than 7Mc/s (after adjustment of trimmer capacitances) and 
an output impedance of less than 200. The output may 
range between plus and minus 15V. 

Five stabilized power lines supply the multiplier ampli- 
fiers (and the rest of the computer). The d.c. level of an 
amplifier output may be set by adjusting the cathode bias 
potentiometer. No drift compensation’ was included but 
for applications at lower speeds this would be very desir- 


able. 








Fig. 3. Schematic circuit of the non-linear (squaring) unit 


Non-Linear Units 
Two main considerations influence the design of the 
non-linear units. 
(1) The units should have a large bandwidth with negli- 
gible phase shift. 
(2) The non-linear characteristics should be independent 
of changes in the characteristics of the individual 
non-linear elements—in this case germanium diodes, 


These conditions may be fulfilled if the non-linear 
characteristic is generated by switching the feedback con- 
ductance of a feedback amplifier, as in Fig. 3, so as to alter 
the slope of the input-output characteristic in successive 
steps’. By making the number of switches which are closed 
in the feedback loop a function of the output (and hence 
of the input) voltage, a quadratic Y-X characteristic may be 
synthesized as a series of straight segments (see Fig. 4). This 
Is equivalent to approximating the derivative of the quad- 
ratic characteristic (i.e., a linear graph) by a series of steps. 

Fig. 5 shows the feedback circuit used to realize this 
scheme. R, is a permanently connected feedback resistor 
and represents the maximum feedback resistance. Ri + Ri’ 
is a feedback resistor which will be included in the feed- 
back loop (in parallel with R.) whenever the voltage at 
the junction of R; and Ri’ due to the output is less than 
Vm the bias voltage fed to the first diode D., by the low 
impedance bias chain formed by r: to ru. When the output 
voltage of the non-linear unit rises above Vmi(Ri+ Ry)/Ri 
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the diode D; conducts and clamps the junction point at 
Vm so that the effective feedback resistance is decreased. 

Thus the effective feedback resistance depends on the 
output voltage and hence the gain of the stage depends 
on the input voltage. By suitably choosing the resistors 
(Ri + Ry) to (R: + Rw’) and the biasing points it can be 
arranged that the output voltage over a certain range is a 
quadratic function of the input (see Fig. 4). 


"ad 














Fig. 4. Input-output characteristic of a non-linear unit, and the derivative 
characteristic showing the steps in gain 


To grid To output +50V 























-SOV 


Fig. 5. Detailed circuit of the non-linear feedback network 


The trimming capacitors C; to Cw across the feedback 
resistors Ri’ to Rw’ can be adjusted to compensate for the 
self-capacitances of the diodes. Thus (at least to the first 
order) the feedback is always non-reactive and a large 
bandwidth is possible. 

The diode-switching occurs at a high signal level so that 
the feedback is substantially independent of secular 
changes in the diode parameters. 
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CHOICE OF PARAMETERS IN THE NON-LINEAR UNIT 

It can be seen from the circuit in Fig. 3 that the slope 
of the input-output characteristic cannot change sign: in 
other words a symmetrical parabolic characteristic cannot 
be generated. However, as shown already any portion 
of a parabolic characteristic may be used to obtain multi- 
plication. The only disadvantage of an asymmetric charac- 
teristic is that a larger fraction of the input y must be 
subtracted to leave the product term xy. This in turn only 
means that the noise level of the output is slightly raised’. 
To minimize this effect, y, the ratio of maximum slope of 
the characteristic, to its minimum slope should be chosen 
as large as practicable. A value of y = 5 has been used 
in multipliers so far constructed. (Apart from considera- 
tions of convenience the possible magnitude of y is limited 
practically by the gain of the amplifier and by the mini- 
mum permissible feedback resistance.) 

The most important parameter of the non-linear unit is 
N, the number of steps in gain, i.e. the number of diodes. 
A theoretical analysis of the effect of the ‘truncation’ 
error (due to the finite steps in gain) which has been 
published elsewhere’, shows that if the steps in gain are 
spaced at equal intervals along the input axis then the 
maximum error in the multiplier output, expressed as a 
fraction of the maximum undistorted output, is 1/N?*. 
The root mean square error is about a third of this value. 
(The choice of equal intervals for the spacing of the steps 
in gain minimizes the mean square absolute error in the 
multiplier output when all values of the inputs x and y 
are equally probable. If small values of x and y are more 
probable, or if the errors for such inputs are more impor- 
tant, the spacing should be closer at the centre of the 
characteristic. For details reference 9 should be consulted.) 

With 12 diodes the theoretical maximum error is 0°6 per 
cent of the maximum output. This figure was considered 
satisfactory for the proposed applications. An r.m.s. 
error of less than 0-01 per cent is obtainable with 20 diodes. 
As pointed out above the maximum value of the error will 
be attained for particular values of one input even when 
the other is zero so that the proportional error will be 
much greater than 0-6 per cent in unfavourable cases. For 
this reason the scale factors of the inputs to the multiplier 
must be chosen as large as possible. 


CALCULATION OF FEEDBACK RESISTORS 

Once N, the number of steps in gain, and y, the gain 
ratio have been selected, suitable values for the resistors in 
the circuit of Fig. 5 may be calculated by using the fact 
that the gain of the non-linear unit (Fig. 3) with k switches 
closed is 


Lo = RI | 0, 


3S ee peer (4) 


If a distribution of equal steps in gain has been chosen 
then the feedback resistors are given by 


Ry, + Ry’ = R(M —k(M+1-—k)/M .... 
where 
ee Ney) ice a sntesieinen (6) 


This formula neglects the finite resistance through the diode 
and the bias chain to earth which prevents the feedback 
through a given resistor from being cut off completely. 
However, if Ro and Rx’ are large enough this is not serious. 
In the multipliers so far built Ro was taken as 200k and 
the Rx’ were 90kQ or more each, compared with a maxi- 
mum resistance through the bias chain of the order of 
1kQ. It is undesirable to choose very large values for the 
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feedback resistors since this makes the required values of 
the trimmer capacitances too small to be mechanically 
stable. 

The resistor values of the bias chain may be calculated 
from the relation 


a |) ar (1) 


This expression neglects the step down effect of the divider 
formed by Rx’ and Rx. It is convenient to keep the ratio 
Rx’ /Rx small. However, as the final values of the bias 
resistors are determined by practical adjustment this expres. 
sion should only serve as a guide. ‘ A value of about 6000 
was used for fro. 

To minimize the resistance through the diodes to earth 
the junction of the bias chain which naturally lies nearest 
earth potential should be directly connected to earth. If 
this is the junction between rm and rm+: then m is roughly 
given by 

TE — OF ncn ccikcicecsivesss (8) 
The bias chain is optimally designed to utilize the full 
range of the output voltage of the amplifier; in the present 
case about +15V. Varying the resistor rg across the 
chain (Fig. 5) compresses the voltage over which the gain 
is stepped; this facility is useful for aligning the multiplier. 


Construction 

A set of three ‘ 12-diode multipliers’ has been built. The 
photographs in Figs. 6 and 7 show one of these which fits 
side by side with the other two into a frame mounted on 
a post-office rack. Each multiplier may be slid out easily 
for adjustments. 

The five amplifiers have been arranged on the chassis 
to give the shortest possible signal paths. The amplifiers 
are separately screened and coaxial cable is used for the 
longer signal paths. The two input terminals, the grid of 
the last stage and the output terminal are brought out on 
the steel front panel. (The grid terminal is provided so 
that the last stage can be converted to an integrator if 
required.) 

The non-linear feedback circuits are mounted on a paxo- 
lin panel at the rear end of the chassis away from sources 
of heat (see photographs). GEX 54 germanium diodes 
were used for the 12-diode multipliers (a previously con- 
structed nine-diode multiplier utilized CG6-Cs). These 
diodes have a large inverse resistance which makes them 
suitable for the present applications. 

High stability 5 per cent tolerance resistors were used 
in all signal paths. The biasing chain was constructed 
from small wirewound potentiometers, which may be seen 
with the air trimming capacitors, on the left in Fig. 7. 

The power consumption of a complete multiplier is 
about 40 mA at +500V, 50mA at +250V and —250V, 
3mA at — 500V, and 3A at 6:3V d.c. These figures are deter- 
mined by the requirements of the standard amplifier. 9mA at 
+50V and — SOV is used in the biasing chain of the non- 
linear units. It is obviously not essential to use such a 
large number of separate power supplies; with only minor 
modifications the complete unit could be made to run from 
+250V supplies; but the voltages mentioned were conveni- 
ently available from the computer installation. 


Alignment 
The process of aligning the multiplier falls naturally into 
three stages : — 
(a) Alignment of the non-linear feedback networks to 
ensure an accurate quadratic characteristic. 
(b) Alignment of the multiplier as a whole to ensure 
cancellation of unwanted terms in the output. 


(c) Elimination of phase shifts. 
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As a preliminary to these adjustments the inputs x and y 
are earthed and the bias levels of the five amplifiers ad- 
justed (in succession) to make their outputs zero (the poten- 
tiometer P: being set at the centre of its range). 


(a) NON-LINEAR NETWORK 

The performance of the non-linear feedback circuits 
may be examined by supplying an accurately linear rising 
waveform to the x-terminal of the multiplier (y being 
earthed) and feeding the output of amplifier 2 (or 3) to a 
differentiating circuit—a standard computing amplifier with 
capacitive input and resistive feedback. (The derivative 
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Fig. 6. View of a complete multiplier; the crystal diodes and the biasing 
potentiometers are on the paxolin panel 
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Fig. 7. Under-chassis view of a multiplier showing the screened amplifier 
compartments and the input and output terminals on the front panel 


of the input should be examined to check that it is con- 
stant.) A typical display of the differentiated output versus 
the tnput is shown in Fig. 8; the stepped changes in the 
gain of the non-linear circuit are plainly visible. If the 
values of the feedback resistors are calculated by formula 
(5) without allowing for the forward resistance of the 
diode and bias chain then the steps of gain may be too 
small at the high gain end of the characteristic. This can 
be compensated for by increasing the value of the direct 
feedback resistor, R, in Fig. 5. In the present case the 
values were calculated on the assumption of R, = 200k 
while 250kQ was found to be a suitable practical value. 

If the non-linear characteristic is to be quadratic the 
graph of gain versus input must be linear. To check this 
a suitable fraction of the input may be subtracted from the 
differentiated output to give a voltage which should be con- 
stant. The resultant graph (versus input) is shown in Fig. 
9; the steps in gain now appear as ‘sawteeth’. By 
adjusting the potentiometers ri, r2 . . . ru in the bias chain 
each sawtooth can be made to intersect midway a refer- 
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ence line simultaneously displayed. Although the various 
adjustments are not completely independent the process is 
quite straightforward. The deviations of the sawteeth from 
the reference line indicate maximum errors in gain of 1-5 
per cent (as a fraction of the maximum gain). Because of 
the curvature of the diode characteristics this is better than 
predicted by the theoretical formula 

A= 1/2M = (y AI: a s.a< cena (9) 
(where N is the number of steps in gain and y is the gain 
ratio). 

The two non-linear circuits in the multiplier are adjusted 
to be as similar as possible. When the overall bias resistor 
ry in Fig. 5 is properly set both circuits will handle the 
same range of input voltages as may be verified from the 
display of gain versus input. 


(b) ALIGNMENT OF THE MULTIPLIER 
When the non-linear networks are adjusted to give a 
quadratic characteristic, the output of the multiplier will in 
general be 
z= Axy + Bx? + Cx + Dy’? + Ey + F .... (10) 
neglecting the truncation errors due to the stepped gain. The 
object of aligning the multiplier is to make the coefficients 





Fig. 8. Display of the differentiated Fig. 9. Display of the differentiated 


output characteristic of a practical output characteristic of a non- 
non-linear unit. (Compare with linear unit after subtraction of a 
Fig. 4) fraction of the input 


B, C, D, E and F zero; five controls should suffice for this. 
There is a wide latitude available in the choice of adjustable 
parameters. It is desirable practically that the adjustments 
may be performed in sequence and with little interaction. 
Theoretical analysis and practical experience have found the 
following scheme to be satisfactory. 

The y-terminal of the multiplier is earthed (y = 0) and 
the characteristic output versus x-input displayed. Equation 
(10) shows that this will be a portion of a parabola. By 
adjusting K: (the feedback resistor of amplifier 1, see Fig. 
1) the curvature may be eliminated (i.e. B = 0). The slope 
may now be reduced to zero (C = 0) by adjusting Pi (which 
supplies the bias to the diode networks). The accuracy: with 
which these adjustments can be carried out is limited only 
by the ‘sawtooth’ nature of the characteristic. (See Fig. 10 
which shows the characteristic of output versus x-input 
after alignment). 

The x-terminal is now earthed and the corresponding 
characteristic displayed. The curvature may be eliminated 
(D = 0) by adjusting K; (the feedback resistor of amplifier 
4) and then the slope may be reduced to zero (E = 0) by 
adjusting P». The resulting characteristic is shown in Fig. 11. 

The d.c. component of the multiplier output (represented 
by F) is now eliminated by adjusting the bias on the final 
amplifier. The coeflicient A may be made equal to unity (or 
any other value) by choosing a suitable value for the final 
feedback resistor, Rout in Fig. 1. 

After the alignment the output of the multiplier will be 
the product, xy, plus the non-eliminable truncation errors 
(sawteeth). Figs. 10 and 11 show that these errors are less 
than 0-25 per cent of the maximum multiplier output where- 
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as the theoretically predicted error is 0-6 per cent. The 
superior practical accuracy is due here, as in the 
case of the gradient errors, to the curvature of the 
diode characteristics. 





(c) PHASE SHIFTS 

Phase shifts occurring in the linear circuits of amplifiers 1, 
4 and 5 are easily eliminated up to high frequencies (a 
50kc/s square wave was used as test waveform) by trim- 
ming the 30pF air capacitors which are connected in 
parallel with each input and feedback resistor. 

Owing to the self-capacitances of the germanium diodes, 
the phase shifts in the non-linear units are more serious. 
Fig. 12 shows the characteristic of input versus output for 
one non-linear circuit taken with a 50kc/s sine wave. No 
phase shift is visible with the trimmers properly adjusted. 
In practice there is a slight thickening of the cathode-ray 





Fig. 10. Overall multiplier charac- 

teristic when the y-terminal is 

earthed, showing the nature of the 
zero error 


Fig. 11. Overall multiplier charac- 
teristic with the x-terminal earthed 


Fig. 12. Display of the input- 

output characteristic of a non- 

linear unit taken with a 50kc/s 
sinusoidal wave 





tube trace which corresponds to a phase shift of 1° or less. 
The adjustment of the trimmers in the non-linear circuit 
is somewhat complicated by interactions. It has been found 
that in these units no trimmer is needed across the direct 
feedback resistor, R. in Fig. 5, or across the first five feed- 
back resistors at the high gain end of the ladder. Thereafter 
increasing values of capacitance are required up to a maxi- 
mum of about 25pF across the resistor of lowest value. 
The most critical test is to observe the multiplier output 
for a S0kc/s sine wave input to the terminal when the 
x-terminal is earthed. The phase shift errors in the two 
non-linear units then augment one another and the maxi- 
mum zero error in the multiplier output increases to about 
14 per cent. 
STABILITY OF ALIGNMENT 
The stability of the alignment is dependent primarily on 
three factors 
(a) The stability of the various input and feedback 
resistors and (more importantly) of the biasing 
potentiometers. 
(b) The constancy of the diode characteristic. 
(c) The drifts of d.c. levels which in turn depend on 
the valves in the amplifiers and on the power supplies. 
The last factor is the most serious, although vibration 
may alter the settings of some of the potentiometers, and 
(very rarely) a germanium diode may fail completely. Well 
stabilized h.t. supplies to the first stages of the amplifiers 
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are essential. A 1 per cent change in h.t. voltage may pro. 
duce an error in the multiplier output of 2 per cent. The 
supplies to the bias chain are equally important, the cor- 
responding output error being slightly larger in proportion, 
To reduce hum, a direct current supply to the heaters js 
desirable. This must also be stabilized since a 1 per cent 
change in 1.t. produces a 1-2 per cent output error. 

Provided the multipliers have been allowed to warm up 
before use little trouble has arisen from changes in valve 
characteristics. None-the-less for slower speed applications 
drift compensation might be desirable. In practice the errors 
arising during a day or from one day to another have 
seldom exceeded | per cent, although it is advisable to 
check the alignment periodically. 


Applications 

As explained in the introduction the multipliers were 
intended for use in high speed repetitive analogue comput- 
ing. An analogue computer equipped with a number of 
multipliers can handle many problems of interest besides 











Fig. 13. Computer circuit for solving the non-linear ‘ stellar structure ’ 
equation 


those of the usual linear differential equations. One such 
non-linear problem is the differential equation 
dy/dx =X pl < Bata Bal ee eee (11) 
My — px+v)+p 
A special instance of this equation (p = p’ = 0) is the 
simplest equation of stellar structure described by Bondi’. 

If the usual analogue were adopted, with voltage repre- 
senting the dependent variable y, and time the independent 
variable x, two multipliers and a divider would be needed 
to set up equation (11) on a computer. The requirement >f 
a divider may be avoided", however, by introducing the time 
as a parametric variable and rewriting equation (11) in the 
form 

dy/dt = X[y(x — uy +v) + p]........ (12) 
dx/dt = x(y — p’x + v’) + p’ 
It is evident that only two multipliers are required with 
this formulation of the problem. The appropriate circuit is 
shown in Fig. 13. The input voltages x, and y. determine 
the initial conditions; they fix the point in the x—y plane 
from which the solution of equation (11) will run. 

With a repetitive computer such as that for which the 
multipliers were designed the equations (12) may be solved 
1 000 times a second (or more frequently). It is then useful 
to vary the initial conditions from one solution to the next 
so as to obtain a family of solutions in the x—y plane 
instead of one single solution. In the computer at King’s 
College’ as many as 32x 32 different conditions may be 
imposed cyclically. With an integrating period of Imsec for 
each solution a whole set of 32 solutions may be recom- 
puted 30 times a second so as to give a steady display on a 
cathode-ray tube. Fig. 14 is a photograph of such a set of 
solutions to the non-linear equation (11). Figs. 15(a) and 
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Fig. 14. Simultaneous display Fig. 15. Displays of sets of solutions versus the parametric 


of a set of solutions of the variable: 





‘stellar structure’ equation (a) x versus t, (b) y versus t. 


(b) show x and y plotted against ¢ the parametric variable, 
for the same problem. 

Since equation (11) is a first order differential equation 
there should be one and only one solution through each 
point in the x—y plane; the solutions should never cross. 
That this is so can be seen from Fig. 14, the display of the 
solutions; at least there are only three points at which this 
generalization breaks down. These points (the centre of the 
spiral being one of them) are ‘singular’ points. They are 
points where the numerator and denominator of equation 
(11) vanish simultaneously. 

In general there are four of these singular points, but for 
certain combinations of the parameters there may be fewer. 


Fig. 16. Solutions of equation (11) 
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Fig. 17. Simultaneous display Fig. 18. A three-dimensional 
of a set of solutions obtained display of the set of sole- 
by automatically varying the tions shown in Fig. 17 u 
parameter + the parameter v as the thi 
co-ordinate 


Fig. 16 depicts a series of solutions of equation (11) for 
successive different values of the parameter p which was 
altered manually. It shows how the spiral grows smaller 
until in stage 7 it disappears after coalescing with the 
‘branching point’ which first appears in stage 3. 


Instead of altering a parameter manually to study the 


behaviour of the solution it may be changed automatically. 
Fig. 17 shows a set of solutions each with a slightly different 
value of the parameter v. It will be seen that the centres of 
all the spirals lie on a portion of a hyperbola. Fig. 18 is 
a three-dimensional display’ of the same set of solutions 
which separates out those with different values of the para- 


meter. 





In a problem as complex as equation (11) 


in which the individual solutions display a 
bewildering variety of forms, the ability to 
study sets of solutions and vary parameters 
automatically, is essential if insight is to be 
gained rapidly. This ease with which the nature 
of a problem can be resolved provides the 
justification for computing at the high repeti- 
tion rates described. 
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; Control Circuit Design 


By N. B. Acred*, Grad.Brit.I.R.E. 


The article describes a diagram method for the simplification at Boolean algebraic expressions. 
Further development of the method introduces the concept of time sequence, which facilitates 
the direct design of control circuits. 


ITH the advent of the ‘automatic control era’ new 

exercises in control engineering are created daily. In 
consequence, the electronic engineer is finding it necessary 
to apply his knowledge to the solving of problems which 
are in the new province of control-systems engineering. 
Usually system design is carried out by constructing a block 
diagram from the initial requirements, and then following 
the tedious task of tracing the route of the various signals 
from unit to unit within the diagram. To ease this task 
some form of organized approach is desirable, and the 
following is the description of a suitable method. The 
method does not necessarily arrive at the most economical 
design, in the circuit component sense, it does, however. 
present a reliable circuit design in a way which is easy to 
understand and simple to apply. 


The basis for the design is Boolean algebra, an algebra 
of logic which is finding increasing usage among circuit 
design engineers. Since the fundamental concepts of the 
algebra are adequately presented elsewhere'** it is not 
intended to reiterate them apart from the brief statements 
of Table 1. 


When designing a circuit, one may express a particular 
desired effect by an equation which uses several circuit 
component functions. Since even in a simple system many 
such equations exist, severe difficulties may be experienced 
when trying to integrate them into a connexion scheme 
which is satisfactory for all combinations of the individual 
circuit variables. 


Consider the case of four two-state variables, A, B, C 


TABLE 1. 
Boolean Identities. 





1. POSTULATES 


+ = OR . = AND 

A+0=A4A A.0=0 

A+1i=1 A.1=1 

A+A=A A.A=A 
A =NotA 

A+A=1 A.A=0 
A=A 


nN 


. INVERSION FORMULAE 


A.B.C=A+B+C 


A+B+C=A.B.C 


3. REDUCTION FORMULAE 
A+AB=A+B 
A+AB=A+B 

AB+AC+B.C=AC+BC 











* Ericsson Telephones Ltd. 
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and D; a total of 16 different combinations are available, as 
follows: 


(1) ABCD (9) ABCD 
(2) ABCD (10) ABCD 
(3) ABCD (il) ABCD 
(4) ABCD (12) ABCD 
(5) ABCD (13) ABCD 
(6) ABCD (14) ABCD 
(7) ABCD (15) ABCD 
(8) ABCD (16) ABCD 


Now suppose that any one of several combinations will 
produce a particular effect-function Z and that certain 
other combinations are inadmissible; possibly due to 
physical limitations or safety requirements, e.g. suppose 
that the combinations 5, 6, 13 and 14 must not exist, and 
the expression for Z is composed of the sum of the remain- 
ing 12 combinations. 


BCD +ABCD+ABCD+ ABCD 
+- ABCD +ABCD+ABCD+ ABCD 
B 


CD +ABCD+ABCD+ ABCD 


This equation would normally be manipulated by the laws 
of Table | in an attempt to arrive at a simplified result. 
One of the difficulties of Boolean algebra is that there is 
no easy way of arriving at a simplified result other than by 
experience and/or inspiration. Another point to note is 
that during the manipulation of the equation each and every 
new equation will represent a physical system which is the 
equivalent of the original statement, and there is nothing to 
suggest that the simplest result is necessarily the most con- 
venient one to use. 


Diagram Method 

A matrix construction method of representing the four 
variables has been suggested’ and this forms the basis of 
the proposed system. By constructing a four by four matrix 
the 16 combinations of A, B, C and D can be inserted as 
follows. 


























8|8 
A eyl2tioj 2] ¢ The numbers inserted in the squares 
= is < é c¢ correspond to the 16 combinations of the 
4 tatnteh ra four variables. 
Dio |d 
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The explanation of the method of insertion is self evident: 
nowever, the following facts are of interest: 


(1) The two combinations represented by numbers in any 
two adjacent squares differ by only one variable, e.g. 


10 and 12 differ by B and B. 

(2) The same applies to squares at the end of rows or 
columns, e.g. 2 and 4 differ by B and B; 11 and 12 
by A and A. 


(3) Whole rows or columns; the combinations differ by 
two variables. 

(4) Any four adjacent squares; the combinations differ 
by two variables, e.g. 4, 8, 12 and 16 differ by c 
and C, and D and D. 

(5) The same applies to pairs of adjacent squares at the 


ends of adjacent rows or columns, e.g. 4, 8 and 2, 6, 
and to the four corner squares 1, 2, 3 and 4. 

(6) Pairs of adjacent rows or columns; these combina- 

tions differ by three variables. 

As an example of the utility of the above, consider the 
case where an effect Z is the result to the combinations 
represented by the two adjacent squares 4 and 12. 

Z=ABCD + ABCD = ABC(D+D) = ABC 
where (D + D) = 1 (see Table 1) 

Now by reference to the matrix it is seen that the com- 
binations of squares 4 and 12 differ by D and D. Thus 
when considering a function which is the result of several 
combinations, and these combinations fall into the cate- 
gories | to 6 referred to above, then a simplification of 
the variables may be effected by treating the differing vari- 
ables as redundant. 

Returning to the example of equation (1) and construct- 
ing a matrix, with | representing a required square and 0 an 
unrequired square. 
































a|8 

iafapay|] 
4tififoloy 
-lt/1/olo 
A = 

INDE. 

Dio |Dd 

Thus function Z = B+ C 


where B is the two left-hand columns and C is the top and 
bottom rows. 


This result, which is directly seen by inspection of the 
matrix, is less obvious from the equation (1). 


A further variation is the case where there are free 
squares, these are squares which are neither specified by 
the initial equation as required, nor by other considerations 
as inadmissible. Any square which is not specified inadmis- 
sible must be admissible by definition, thus free squares are 
admissible. 


Take an example using the same four variables 
A, B,C and D 
Let Z = ABCD + ABCD + ABCD + ABCD 


Also the following combinations are inadmissible. 
ABCD, ABCD, ABCD, ABCD 
Constructing the matrix and indicating the free squares 
by an X. 





























8|8 
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From the matrix Z = A. B not using free squares 


but Z = A 

or Z=B 
The second result is more convenient since it requires only 
one variable. 

The method could be extended to include an extra vari- 
able, E, by cutting each square by a diagonal and calling 
the upper and lower sections the two possible states of the 
new variable. For more than five variables the method is 
impracticable; however, the complete control system can 
be sub-divided into up to five sections and then each section 
further sub-divided as necessary. This limitation of the 
number of variables which can be handled simultaneously 
corresponds to the limitation in variable economy. 


\ using free squares. 


System Design 

A control system is specified by the number, type and 
order in which its outputs should be available, according 
to specific input instructions. Given a problem, the engineer 
must first decide how he is going to group and sub-group 
his dependent variables, keeping in mind the order in which 
the various operations are to be carried out. He will then 
draw up a table showing the sequence in which the vari- 
ables change their states; from this table the matrix diagram 
may be directly constructed. Consider a simple sequence 
and its diagram. 




















Variables 
A B 
Sequence No. 1 | 0 | 0 ela 
2) 1/0 > ; 
48:29 “1 rT) 
4|/0/1 z 
l 0 0 4 ! 
etc. 


Arrows show route of sequence within the diagram. 

From the diagram the designer can establish the operate, 
hold and release conditions (to use relay terms) for each 
of the variables. In the case of a bistable device, only the 
operate and release conditions are of interest, because the 
hold condition is an inherent feature. With reference to the 
above diagram, square | corresponds to the operate, square 
2 to the hold, and square 3 to the release conditions of the 
variable A. 

A new variable has now been introduced, i.e. the sequence 
number or operation time-period. As a sequence number it 
will show the order in which the operations will naturally 
occur due to the circuit interconnexions, or as a time-period 
it will show the particular time at which an operation will 
occur due to a combination of circuit conditions and a 
reference pulse timing signal. 

When designing a system it is necessary to arrange for a 
change in one variable at a time, this results in a continuous 
and non-ambiguous route within the diagram which. of 
course, implies non-ambiguous operation. 

The following are three design studies using the diagram 
method. 


Example No. 1 

Consider an automatic drilling operation, consisting of a 
conveyor belt, an automatic positioning device, and a drill. 
The conveyor is halted when an item is beneath the drill, 
a pneumatically operated arm accurately positions the 
workpiece, and the drilling to a fixed depth follows. After 
drilling the item is released and the conveyor continues. 

The primary sequence is first considered using the follow- 
ing variables. 


V = the conveyor belt. 
P = the pneumatic positioning device. 
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D = the drilling operation. 
X = the proximity switch indicating that the item is 
approximately in the drilling position. 


Sn = sequence number. 


y Fr D 2 ¥ 


1%) 
3 


off condition 

conveyor belt moving 
proximity switch operates 
conveyor stops 

pneumatic positioning 
drilling commences 


drilling ends 
workpiece released 
conveyor proceeds 


CocoereH-—--—-CcCCSO 
—S=Fe eK COOCCCOS 


0 
0 


— 
—SOeOWAUNERWNK OS 


——— OOCOCOCo--$S 
coocooorrCOooce 
el ee ol an) 


~ 
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The other variable Y has been introduced to differentiate 
between sequence numbers | through 5 and 6 through 10 
and thus provide a non-ambiguous route within the 
sequence diagram. This extra variable can be used in 
the drilling sequence. 


The sequence diagram follows :— 












































PAP IL#AP 

y |X{x[9 |lo[x[x[2 i] d 

x{x|x[x] xl x[x[aT 

7 |x] el ax[x[x[ sl x[x 

X|7/8/xX|x/4/ 3/0] D 

ai £12 1 # WF 
y | ¥F 


The system equations may be taken directly from the 
diagram. To illustrate the method this will be done in 
greater detail than is necessary. 


OPERATE HoLp 
VARIABLE CONDITIONS CONDITIONS EQUATION 
P S; Sis D+Y.V.X 
D Si Ss D+Y.P 
if S; Sé,7,8,9 D+Y.X 
V Ss So,10 ¥.? 
V So Si X . START ‘ STOP 


When extracting the equations, always include at least 
One sequence square in two terms; this obviates the possi- 
bility of release during switching transitions; for example 

D = D + Y P; the sequence square S; is included in 
both terms of the equation. 


The release of variable D is not wholly dependent upon 
the primary variables and occurs when the drilling sequence 
is completed, thus the sequence square S; is considered to 
be a hold condition. 


CONVEYOR OPERATION 
The variables associated with the conveyor are:— 
V; the conveyor power source. 
X; the proximity switch. 
and the start/stop switch. 


V = Y.P + X.START . STOP. 


POSITIONING DEVICE 
The positioning is accomplished by a solenoid-operated 
two-way valve which is fitted with back-pressure contacts 
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in either direction. Let the operate back-pressure switch 
represent contact P, and the release back-pressure switch 


represent contact P. 


DRILLING SEQUENCE 
D = drill spindle power 
F = drill feed power 
Y = feed direction 
Li = upper position limit switch 
L; = lower or drilling depth, limit switch 
The required operational table and sequence diagram js 


as follows. The numbers within the diagram represent 
the sub-sequence Qn. 


ms fe D&E kh *F 
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Since F is not a function of itself, it may be eliminated 
from the equations. Inverting F according to table 1. 


Fa=D+(¥+L) (Y¥+L)=D+(¥ L+Y e+ LL) 


inserting F into the equation for Y gives 

F=f 4+ 7 

also 

D Y+kh 
To obtain the operational equations for the variables Y and 
D. the above results must be combined with those of the 
primary equations. 
Thus Y = (e+ Y) (D+ Y.X)=D.L+D.Y+Y.X 

The first term is the operate condition, the second term 

the hold condition due to the sub-sequence, and the third 
term the hold condition due to the primary sequence. In 
practice the second term is a redundant by-product of the 
combination of the two initial equations, and can be dis- 
carded. 


also D=(Y+Li) (D+Y.P)=¥.P+D.Y+D.L 
here again the second term is not strictly necessary. 


Interpreting Y as a make contact and Y as a break con- 
tact, the circuit diagram for the control system may be 
drawn up from the foregoing equations; Fig. 1. 

It must be emphasized that this example is intended 
to demonstrate the use of the matrix diagram method as 
a design tool, and is not tendered as a practical design. 


Example No. 2 
A translator is required to convert the reflected binary- 
coded output of a shaft digitizer, into true binary-code 
prior to computation. The two codes are presented below 
with their equivalent decimal values. 
DECIMAL VALUE 


REFLECTED BINARY TRUE BINARY 


dcba Dp £ FF A 
0 0 0 0 0 0 0 0 0 
oe © 8 I ] o 8G 86 | 
o@ 1 4 2 oe 14s 
o © ft ® 3 0 © I l 
0 it # 4 010 0 
0 1 l 1 5 0 | S 7 
° | © f 6 o | 1 0 
0 | 0 @ 7 0 1 ] | 
] ] 0 O 8 | 0 0O O 
i 2 8.4 9 = = a 
> a a 10 = 4:4 
1 1 1 O 1] ] 0 l ] 
= ¥ 0 12 l ] 0 O 
eC. ff y 13 rt @a 
= a 14 | l 1 O 
1 0 0 O 15 ] | | 1 
Transferring to the matrix diagrams, and inserting the 


decimal values of the combinations into the squares. 
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S|io}9|e] | 7{15]13] 5] 
a 418i 7 7 {Slisli2|4 

3} 12) 15}0] = 2110/80; c 
ala l|¢ dl o 1d 
DIAGRAM R DIAGRAM 7 


The virtue of the reflected binary code is that between 
adjacent decimal values there is a change in only one of 
the four variables, which eliminates gross ambiguity. in 
Shaft position. This non-ambiguity is represented on the 
diagram by the fact that adjacent decimal numbers occupy 
adjacent squares, or squares at the ends of the same row 
or column. 
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Each of the true binary variables will be expressed in 
terms of the reflected binary variables. 


e.g. True binary A is represented by squares 3, 7, 11, 
15, 9, 13, 1, 5 of diagram T, and is equivalent to the sum 
of the combinations in reflected binary variables obtained 
from the same numbered squares in diagram R. 


A=a b(c d+ cd+ablc d+cd)+ab(cd+ cd)+a b(c d+cd) 
A=ab(cd+cd)+ab(cd+cd)+ab(cd+cd)+ablcd+cd) 
B=b(cd+cd)+b(cd+cd) 

B=b(cd+cd)+b(cd+cd) 

c 


= c(d) + c(d) 
C=c(d) + c(d) 
D=d 
D=d 
Inserting true binary variables into the equation, yields; 
A=aB+aB B=bC+bC 
A=aB+aB B=bC+56C 
C=cD+cD D=d 
C=cD+cD D=d 


The form of the above equations suggests the general 
expression 


An = an. Ans, + an. Ani 


“An = an. Any, + an. Any 
which exhibit the same logic as a conventional binary half- 
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Fig. 2. Reflected-binary to true-binary convertor 


A simple solution to the problem is obtained by using 
relays as the logical elements; the circuit is shown in Fig. 2. 


Using the same method to derive the true binary to 
reflected code translation, the following general expressions 
are easily derived from the diagrams 7 and R. 


an = An. Ans, + An. An, 
an = An. Anu + ‘An Ans 


Example No. 3 


It is required to design a diode interconnexion matrix 
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which wili translate a tour ‘ bit’ reflected-binary coded deci- 
mal system into a one-out-of-ten decimal system. 
The binary code is as follows: 


DECIMAL VALUE REFLECTED BINARY VALUE 


D€ 8 a 
0 0 0 0 0 
l o 0 0 I 
Z 0 oO 1 I 
3 ° oO Ff © 
4 o "7 1 @ 
5 I I 1 O 
6 1 o tf @ 
7 i @ fF l 
8 i © © 1 
9 i §€ 8 0 


Transferring to the diagram and inserting the decimal 
values of the combinations in the squares. 
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The interpretation of the diagram is different in this case, 
since each output corresponds to only one combination of 
the four input variables. Because it is required to differen- 
tiate between individual outputs, it is the differing variables 
between adjacent squares which are of value. Thus the 
necessary combinations of the input variables for each of 
the ten outputs is easily derived from the diagram by stating 
the differing variables. 


DECIMAL VALUE NECESSARY INPUT VARIABLES 


0 D BOA 
_ D BA 
2 D BA 
3 D C B 

4 DC 

5 D C 

6 » € A 
7 D B A 


Computer Standardization 


Simplifying the field of computer equipment through 
standardization is one of the aims of the Data Processing 
Section of the Radio Communication and Electronic 
Engineering Association which is now meeting regularly 
under the chairmanship of Mr. C. Metcalfe (EMI Electronics 
Ltd). 

Four working parties set up by the Data Processing 
Section’s technical sub-committee have already gone a con- 
siderable way towards the formulation of standards. They 
are working closely with the British Standards Institution. 

One working party has just completed the task of draw- 
ing up a chart for work on the many components and 
nomenclature used in computer fields. 

Another party is considering standards for tape and will 
have a specification ready to submit to the B.S.I. before the 
end of this year. This will cover the requirements of both 
analogue and digital computers. 

The production of specifications for an input keyboard 
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Fig. 3. Reflected-binary to decimal, code-translator 
4n input or output signal is indicated by a positive voltage 
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DECIMAL VALUE NECESSARY INPUT VARIABLES 


8 D BA 
9 D BA 
The resulting diode matrix is shown in Fig. 3 and requires 
a total of 30 diodes. It can be seen that the organized 
approach has reduced mental fatigue and uncertainty to a 
minimum. 


Conclusions 

The matrix diagram method, as outlined in the previous 
paragraphs, is being currently used in the circuit design of 
industrial control equipment. The method contributes to- 
wards a better understanding of the operational sequence, 
and enables engineers, relatively inexperienced in this field, 
to produce effective and reliable designs. 
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and for a simple output device is being dealt with by a third 
working party. Yet another group is now studying informa- 
tion storage cores. 

On the main committee one of the matters of joint 
interest receiving attention is the question of the many 
associations and sections building up in the United King- 
dom to discuss data processing equipment and it is the aim 
of the R.C.E.E.A. Data Processing Section to see if a joint 
organization can be formed through which could be pooled 
all matters of national interest. 

As already announced. the Radio Communication and 
Electronic Engineering Association is collaborating with the 
Office Appliance and Business Equipment Trades Associa- 
tion in organizing the first British Electronic Computer 
Exhibition to be held at Olympia, London, from November 
28 to December 4, 1958. The Data Processing Section of 
R.C.E.E.A. is concerned in this and in the arrangements 
for the symposia, technical and non-technical, to be held in 
connexion with the Exhibition. 
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Applications of a 


New Type of Cold Cathode Trigger Tube 


(Part 3) 


By G. O. Crowther*, B.Sc., A.C.G.L, and K. F. Gimson*, B.Sc.Eng., A.M.LE.E. 


Electronic Counting and Switching Circuits 

This is a wide and rapidly growing field covering such 
applications as scientific computing, commercial com- 
puting, industrial control, batch counting, automatic 
telephone switching, nucleonic scaling, etc. 

Although the basic principles are common throughout 
the range the individual techniques used depend very much 
on the speed and complexity of the task in hand and this 
in turn will dictate the cases in which the cold-cathode 
tube provides the best solution to a particular problem. 
Thus in most large scientific computers the operating 
speeds of the arithmetic units are above the range of 
cold-cathode tubes. The input and output systems, however, 


+ht. 
Gane 





R, 




















Fig. 36. Binary circuit with common anode load 


are relatively slow and cold-cathode tubes will work in con- 
junction with the input or card reader and also operate 
relays for punching the output. In slow speed commercial 
and industrial machines it is possible to use cold-cathode 
tubes throughout, i.e. in switching, memory, relay operation. 

In the allied application of telephone switching cold- 
cathode tubes may be used for relay, counting memory 
work and also for direct speech passing. The latter subject 
is beyond the scope of this article and the present section 
is devoted purely to a consideration of basic electronic 
switching circuits. 

There are a number of well-known binary and ring 
circuits whose design is considerably simplified by the use 
of tubes with stable characteristics and a small tube to tube 
spread. Figs. 35 and 36 show two basic forms of binary 
circuits and Fig. 37 shows the basic binary circuit of 
Fig. 36 converted into a ring of n counter. 

It should be noted at this point that the Z803U can only 
be used in the basic binary counters, not in the ring counter 
circuit. The reason for this is that the trigger of the conduct- 
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ing tube in the ring circuit is taken to cathode potential via 
R:, R3, and therefore it will act as if it is a cathode. It has 
already been stated that stability of the tube will be 
adversely affected if the tube is run under these conditions. 

For the above reasons and because it is felt that the 
cold-cathode ring counter gives a simpler circuit than the 
ring of trigger tubes, the remarks made here will be mainly 
concerned with the two binary circuits. However, it should 
be noted that the ring circuits could be of advantage when 
printed circuit techniques and small subminiature trigger 
tubes are employed to give a more compact assembly. 
There will also be uses for these ring circuits in systems 
working in scales other than binary or decade. 


Circuit DETAILS 

The operation of the two binary circuits is briefly as 
follows. Assume for the present that in Fig. 35 V; is con- 
ducting and therefore V2 is non-conducting. The anode 


Vie. 


























Fig. 37. Typical trigger tube ring counter 


potential of V; is equal to Vm and that of Vz is at h.t. The 
potential across C; is thus Vit — Vn. 

On the receipt of a pulse on the common trigger line V2 
is triggered and its anode potential falls to Vm. Because of the 
coupling capacitor C; the anode potential of V: will at the 
same instant fall by an equal amount to (2Vn — Vint) volts 
and thus extinguish V;. In general the anode potential will 
be below the cathode potential since Vit is normally greater 
than 2Vm =~ 210V. The anode potential of V: is returned 
exponentially to h.t. with a time-constant 


RiRa : 
a(R. + Reng) =o 


Where R; is the internal impedance of the conducting tube 
V2, and is normally negligible. 

Once the anode potential of V; has been returned sub- 
stantially to h.t. potential the circuit is ready to receive the 
next pulse on the common trigger line. 

The circuit of Fig. 36 operates in a somewhat different 
manner. Assume again that V; is conducting and that the 
cathode potential of V; is Vx and the common anode poten- 
tial is Va. The following equations can then be written. 


Va = Vin + Vx 
Vint = (Ri + Va 
Vx = iR> 
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The value for Vit can be greater than Vaimax) and prefer- 
ably as high as is economically possible. The anode-cathode 
potential of V2 is equal to V, and to ensure that V2 only 
conducts when a pulse is applied to the trigger Vatmin) < 
Va < Vaimax), Where Vaimin) and Vaimax) are the limits of 
the anode working voltage range. 

lf now a pulse is applied to the common trigger line V2 
is triggered. Momentarily its cathode potential is held at 
earth by the capacitor C; and thus the potential of the 
common anode line falls to Vm. Similarly, due to the 
presence of C, the cathode potential of V1 remains momen- 
tarily at Vx and thus the anode-cathode voltage of Vi is 
reduced by (Va — Vm) volts and the tube is extinguished. 
The cathode potential of V. is then raised exponentially to 
V with time-constant. 

. RiRs ; 
n= Cy R. aR; (neglecting Rt) 
The cathode potential of V; is returned exponentially to 
earth with a time-constant 7: = ReC», The anode-cathode 


Vine Vie. 
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Fig. 38 (left and 39 (right) Inverted binary circuits 


potential of V; is, therefore, increased to V, according to 
the expression, 
Viax = Va — Vu exp(—t/71) — Vx exp(—t/72) 

The two time-constants are selected to give the tube 
sufficient time to deionize. 

The two binary circuits described have three completely 
stable states. Two are the conventional states with one tube 
conducting and the other non-conducting as already: dis- 
cussed. The third is with both tubes conducting. The last 
state is completely stable and to change to one of the other 
two states the supply voltage must be momentarily 
removed. With careful design the circuits can be made such 
that the third state is extremely difficult to establish. 

The circuit shown in Fig. 35 has a number of advan- 
tages over that shown in Fig. 36. It can be designed as a 
bistable, monostable or an astable circuit whereas the cir- 
cuit of Fig. 36 can only be readily designed as a bistable 
circuit. It can be arranged to give an output pulse which is 
more suitable for driving a secondary binary stage than 
that obtained when using the circuit of Fig. 36. It uses 
fewer components. 

The second advantage is only strictly true when tubes 
such as the Z803U are employed. If a tube is employed in 
which the trigger can be connected to cathode during con- 
struction, the two inverted circuits shown in Figs. 38 and 
39 give outputs suitable for driving another binary pair. 

Figs 40, 41 and 42 show respectively the astable mono- 
stable and bistable versions of the binary circuit of Fig. 35. 
In the circuit of Fig. 40 assume that Vi is conducting and 
V: non-conducting. As explained earlier, provided the 
current through R; is small the trigger will act as a probe 
in the main discharge and the potential of the trigger will 
be just bel w the burning voltage. The potential across 
capacitor C2 will initially be less than Vtiien) but will be 
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charged via the resistor R2 towards h.t. potential. When it 
has charged to Vijign) Of V2, V2 will be triggered and G 
partly discharged to a potential of just below Vin. V, will 
extinguish as in the circuit of Fig. 35. The trigger of Vv, 
is now no longer held by the discharge and the capacitor 
C, is charged via R; towards h.t. potential. Meanwhile, the 
trigger of V2 is held just below the burning potential by the 
main discharge. Thus the circuit will ‘flip-flop’ at a rate 
determined by the components RiCi, R2C2, the burning 
voltage, the trigger ignition potentials of the tubes and the 
h.t. potential. The two tube characteristics are stable and 
thus the period of oscillation can be made stable. 

It is essential that the anode of the non-conducting tub: 
is returned to h.t. potential prior to trigger re-ignition. 




















Fig. 41. Monostable binary circuit 


Unless this is ensured one of two things may happen. 


(1) The trigger discharge may fail to transfer to the 
anode, in which case the trigger capacitor must be recharged 
to Vivien) and the circuit will remain twice as long in the 
particular state. 


(2) The tube in question may be triggered, but because 
of the small fall in anode potential it will fail to extinguish 
the second tube. In this case both tubes will remain con- 
ducting and the circuit cease to operate. 


For the Z803U, it is therefore recommended that a mini- 
mum safe anode time-constant of 2msec is used at all times. 
The anode resistors are already determined by the required 
anode currents through the two tubes and therefore capa- 
citor C3 is selected to give the correct time-constant. If for 
some reason either tube is required to pass a current in 
excess of 15 to 20mA, the value of the anode time-constant 
T: must be increased above the minimum value because of 
the rise in recovery time illustrated in Fig. 6. It should also 
be noted that if a relay forms a part of the anode resistance 
of the tubes the inductance will cause a more rapid rise in 
the potential than would occur with a pure resistance and 
again, the value of 7; must be increased. 

The maximum frequency at which a circuit of this form 
can be made to oscillate is 300c/s. The minimum frequency 
is, aS in the timer circuit, a question of economics. It is 
probable that a frequency of 1c/min is the minimum. 

The considerations in the design of the trigger circuit 
are identical to those of the timer circuit. The stability can 
be estimated using the formula in which the capacitor is 
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charged from an initial voltage V. ~ Vm. To improve the 
stability of the circuit the trigger capacitors can be charged 
from a stable reference voltage rather than from the h.t. 

In the circuit of Fig. 41, a monostable circuit is shown 
in which the stable state is with Vi non-conducting and 
V, conducting. The trigger potential of Vi is set below 
Vien) by the potential divider R; and R»2. The trigger of 
V>, the conducting tube, is as before, held just below Vn 
by the discharge. On receipt of a positive pulse on the 
trigger Of Vi, Vi is triggered and V2 extinguished. 
The circuit resets to its stable state after the period in which 
capacitor C; is charged from Vm to Vivien). Except for the 
trigger circuit of V; the general considerations in the design 
of the circuit are identical to those previously described for 
the astable circuit. The trigger circuit of Vi must be 
designed to ensure that the trigger discharge is auto- 
matically extinguished when the circuit resets back to its 
stable state. The simplest method is to select R: and R2 to 
give a potential less than Vm. There are then no restrictions 
on the actual values of R; and Re, but the circuit is com- 
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Fig. 42. Bistable binary circuit 


paratively insensitive. To obtain a more sensitive circuit 
the trigger potential can be set just below Vtiien). However, 
to make the circuit self extinguishing, the effective trigger 
resistance RiR2/(Ri + Re) must now be greater than 
IMQ. 

Unless precautions are taken the basic bistable 
circuit of Fig. 35 has the disadvantage that during the 
switching on period it can be triggered easily into the state 
in which both tubes are conducting. When h.t. is applied to 
the circuit neither tube will conduct until a pulse is applied 
on the common input line to both triggers. The anode 
potentials of both the tubes will be at full h.t. potential 
and provided there is not a considerable delay in one of 
the tubes firing, both V: and V2 will trigger. The anode 
potential of both tubes will therefore fall simultaneously 
by approximately the same amount to Vm and since the 
potential across the capacitor C; was initially zero, neither 
tube will be extinguished. The slight differences in Vm due 
to tube to tube spread and therefore in the fall of anode 
potential, will not be sufficient to extinguish the tube with 
the higher V». This is because the potential across C2 will 
have been readjusted well before the tube has deionized. 
This trouble may be overcome by. breaking the circuit of 
one tube until the other is conducting. It should be noted 
that once one of the tubes is conducting it is extremely 
difficult to establish conduction in the other tube without 
extinguishing the first. 

An alternative method of avoiding this trouble is shown 
in Fig. 42. The trigger potential of V; is made less than 
that of V2 and the potentiometer chain for the trigger of 
V: is taken to the output resistor in the cathode of V> 
instead of to earth. When the first pulse arrives, after the 
application of h.t. to the circuit, V2 only will be triggered 
because of the lower trigger voltage on Vi. However, once 
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V2 is conducting its cathode potential will be raised to 
approximately 40V and the trigger potential V; is therefore 
raised by a proportionate amount. The second pulse on the 
trigger is therefore sufficient to trigger V: and the circuit is 
tripped to the other state. 

The considerations in the design of the anode circuit are 
again the same as previously and those for the trigger circuit 
are identical to those for the trigger of V: in Fig. 41. 

It will be noted that the input pulse is applied to both 
the conducting and non-conducting tubes simultaneously. 
The conducting tube does not seriously attenuate the input 
pulse even when the source impedance is comparatively 
high. This is probably due to the fact that the input imped- 
ance of the conducting tube is momentarily high until the 
ionization level in the trigger cathode gap has been built up. 
Resistors in series with each trigger can be inserted to 
reduce any effects of the conducting tube on the input pulse. 
However, these resistors will effectively be in series with the 
signal source impedance and the cathode resistor and care 
must be taken to ensure that the discharge is not so limited 
that it cannot transfer to the anode. 

In all three of the circuits described an output pulse for 
driving a succeeding circuit can be obtained by inserting 
a resistance Ry in series with one of the two cathodes. The 





Output 
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Fig. 43. Constant frequency oscillator 


form of the pulse is shown in Fig. 42 and the pulse height 
is given by: the expression 

Rix(R3 + Rs) 
R3R, a i RxR3 + RxRy 
Vout in general, should not exceed (Vin Vm) or the 
mechanism of extinction may be affected. Secondly, Rx 
limits the trigger discharge and for this reason should not 
exceed 6k. However. even with these restrictions an out- 
put pulse in excess of 60V is readily obtained. 





V out = (Vit = Vm) . 


Self Extinguishing Circuits 

In this section it is proposed to discuss two particular 
applications using the self extinguishing circuits; a constant 
low frequency oscillator and a thyratron firing circuit. The 
two circuits have been selected since they both require a 
tube with a stable firing characteristic, but it should be 
stressed that these are by no means the only applications 
for this type of circuit. 


THE RELAXATION OSCILLATOR 

The complete circuit is shown in Fig. 43 and is basically 
the self extinguishing circuit described earlier, in which both 
the trigger and the anode are made self extinguishing. A 
short duration negative pulse output at a constant fre- 
quency f is obtained across the resistor Rw. A _ similar 
positive pulse could be obtained across a resistor connected 
in series with the cathode. The frequency range of the 
circuit is from a few pulses per minute to about 300c/s 
and the stability will be similar to that quoted for the 
timer circuits; (i.e. long term stability of 2 per cent). 

The frequency of oscillation is given by the expression 


7 


V~. Vo 
f = j IR:C\ log V, eae, 
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where V, is the potential at point A 
and V, is the potential at the trigger immediately after 
an anode cathode discharge (approximately 90V for 
the Z803U). 


It will be seen that the above expression is the reciprocal 
of that for the timing period in an RC timer and for this 
reason a number of the considerations in the design of the 
trigger circuit are identical to those already discussed in 
the timer section: namely the factors determining the 
choice of R; and Ci, the minimum frequency of operation 
(i.e. the maximum timing period), the stability and finally 
the method for compensating for tube to tube spread in 
V t (ign) and V.. ° 

The factors determining the maximum frequency are, 
however, different from those effecting the minimum timing 
interval. At the higher repetition frequencies the level of 
ionization in the tube just prior to the instant of break- 
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Fig. 44. Basic control circuit 


down will be greater than that provided by the priming 
discharge. This is because the tube will not have completely 
deionized, although it will have recovered complete control. 
For that reason variations in the ionization time will be 
considerably less than normally experienced and the errors 
due to this cause can be neglected. 

The maximum frequency limit is in fact set by the 
deionization time of the tube. It will be found from the 
curve of Fig. 19, published earlier, that the minimum time- 
constant for the anode circuit RoC. is 1-7msec. It sets the 
upper frequency to a maximum of 300c/s., since to ensure 
that the anode potential is returned to substantially h.t. 
before each breakdown the trigger time-constant should be 
made greater than that of the anode. 

Although the frequency of the output pulse is determined 
entirely by the trigger circuit the energy is directly propor- 
tional to the anode capacitor C2. For values of C. greater 
than -005uF the output pulse height is substantially indepen- 
dent of C, and only: the duration of the pulse will increase 
with C». 

As already mentioned in the section on the self extin- 
guishing circuits the resistor Ri should not be greater than 
1kQ, and also if C) is less than -0039uF the resistor Rs 
should be omitted. 
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FIRING CIRCUIT FOR GRID CONTROLLED RECTIFIERS 


Thyratrons, excitrons, etc. are used in large numbers ip 
a variety of power control applications. The method of 
controlling the power in the load is to vary the angle for 
which the rectifier conducts. The advantage of this system 
is that a large change in output power can be obtained with 
a small control power. 

The most satisfactory method of control is by applying 
short duration pulses of variable phase-angle to the rectifier 
control electrodes or grids. However, in most industrial 
control systems the basic input signal is a variable d.c. 
voltage and the satisfactory conversion of such a signal into 
a variable phase-angle pulse has proved difficult. 

The trigger tube, with its sharp transition from ‘ off’ 
to ‘on’ is well suited to this type of duty and the use of a 
stable close tolerance tube leads to a circuit design in which 
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Fig. 45. Waveforms for circuit of Fig. 44 


the input power needed to give a phase shift of 180° is 
very small, thus giving a high overall gain. 

Fig. 44 shows a firing controller which is essentially a 
self-extinguishing circuit. When the tube is triggered the 
capacitor C, is discharged through the tube and the primary 
of transformer 7;. The current flow through the primary 
of 7, produces a sharp voltage pulse across the secondary 
which is employed to trigger the thyratron V2. 

These pulses are synchronized to the mains by an a.c. 
voltage superimposed on the controlling d.c. voltage at 
point A. It is assumed for the present that the trigger is 
held at a constant potential. Fig. 45 shows the waveforms 
for the circuit at the two extreme settings of the d.c. con- 
trol voltage showing that a complete 180° phase shift can 
be obtained. 

It will be seen that in the case when the thyratron is 
fired at 0° the controlling voltage during the remaining 
whole cycle will be more negative than at the instant at 
which the tube is fired. Therefore, once the capacitor C: 
has discharged via R; to the potential at a the tube will fire 
again, earlier than required. To avoid this and thus to 
permit the full 180° phase shift a negative half sine wave 
is applied to the trigger via the rectifier MR» phased as 
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shown in Fig. 46. This reduces the trigger cathode poten- 
tial below the breakdown voltage during this period, but 
has no effect on the performance of the circuit when the 
tube is required to fire. 

The rectifier MR: performs a number of functions. The 
primary duty is to chop the exponential cathode waveform 


and thus obtain a triangular waveform. Unless this is 
done a shorter time-constant must be used to ensure that 
the cathode potential returns to the potential at A within 
one cycle. However, with the short time-constant the cir- 
cuit is more likely to give the second firing described 
earlier. 

Secondly, the rectifier provides a low impedance path 
for the priming discharge which would otherwise produce 
errors due to the voltage drop across the cathode resistor. 

It will be seen that the values of compcnents in the 
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Fig. 46. Waveforms for circuit of Fig. 46 with negative half sine wave 
applied to trigger 


trigger circuit are not such as to make the trigger self- 
extinguishing but the rise in cathode potential ensures the 
trigger is extinguished. 

Capacitor C. and resistor R. determine the phase of the 
cathode voltage while R; and C; set the phase of the trigger 
voltage. 


Power Supplies 


In conclusion it will be useful to describe the design 
procedure for the anode supplies of circuits such as the 
two timers described earlier, since a considerable percent- 
age of trigger tubes will be used in apparatus which do not 
require other supplies. A power supply for this type of 
instrument must be able to cope with the wide spread of 
= mains voltages met in this country, i.e., 200 to 
250V. 

A basic circuit is shown in Fig. 47, it consists of a half 
wave rectifier connected to the mains and a divider chain 
R, and R». The ratio of R; and R: are selected so that 
when the mains is at its highest value and the tube is non- 
conducting the output voltage does not exceed the maxi- 
mum anode voltage of the tube. Secondly when the tube 
Is conducting the supply must be capable of providing the 
required current. For calculations on the latter condition 
the effective source resistance of the rectifier must be 
known. 
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A very close approximation to the source resistance can 
be obtained by drawing a tangent AB (Fig. 48) to the out- 
put voltage-current characteristic of the rectifier and capa- 
citor to be employed. They can then be regarded as a 
d.c. voltage source of E volts (approximately equal to 
Vveax Of the supply) and a series resistance Rs equal to the 
slope of the line AB. 

R, and R» can then be determined from the following 
two equations. 

E\ Va max 
Ri + R2 + Rx ~ R: 


: RARi+ Rs) — . 
| R. T (Fee ) I = (E: Vin) 


where Vainax) is the maximum anode voltage for the tube. 


Ey is the value of E at the maximum mains 
voltage. 

im is the minimum necessary tube current for the 
application. 
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Fig. 47. Basic power supply 
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Fig. 48. Rectifier curves 


Vin is the maintaining voltage of the tube. 

E, is the value of E for the minimum mains 
voltage. 

Ry is the anode load. 


In cases where the anode load is purely resistive Ri can 
be zero and R; and R» made up to the required effective 
resistance. In this way the power dissipation in the 
divider chain is reduced. 

A high voltage is available at point a for supplying other 
circuits such as the stabilizers in the timer circuit of 
Fig. 24. 

When the anode load consists of a self locking relay the 
alternative circuit shown in Fig. 49 is more economical. 
The circuit consists of a half wave rectifier with its effi- 
ciency reduced by a series resistor R3. 

When the tube is triggered the capacitor C: momentarily 
supplies the current which is needed to pull in the relay 
and to close contact A:. The supply now has only to pro- 
vide the hold-in current of the relay and the voltage at 
point B can fall to the relay operating voltage. 

The design procedure is slightly different from the pre- 
vious case. The output voltage-current curves for a 
number of values of the series resistance are shown in Fig. 
50. The curves have been drawn for a mains input voltage 
of 220V. For input voltages above and below this value 
the slope remains approximately the same but the curve 
is displaced so that it crosses the zero current axis at the 
appropriate peak voltage. 

A curve is first selected which, at the minimum mains 
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Fig. 50. Output voltage curves for Fig. 49 


input voltage, gives the hold-in current iz of the relay. 
Under this condition the voltage at B is equal to the normal 
relay voltage drop iz Ra (where Ra is the relay resistance). 
The curve for the selected value of R; at the maximum 
mains voltage is now drawn. The current ig which must 
flow through R, to give an output voltage less than the 


A New Process Control Installation 


The recently installed control installation for continuous 
diffusers at the British Sugar Corporation’s factory at Wissing- 
ton in Norfolk, is believed to be the first closed loop electronic 
process control installation applied to the process of extracting 
sugar from sugar beet, in the world. 


It was designed by Evershed & Vignoles Ltd, in conjunction 
with the British Sugar Corporation. 

The installation makes use of a variety of transducers for flow, 
level, temperature, etc., which provide an electric signal which 
is either applied to Evershed 3-term process controllers, or used 
as an input to Evershed Simple Analogue Computers, Several 
of these computers, which are completely integrated into the 
installation, are employed to provide an output signal which 
represents the continuous evaluation of the equation governing 
the part of the refining process to which they are applied. 
These computers, in conjunction with the three-term mode of 
process control, permit extremely fine control of the manu- 
facturing process which will further improve the performance 
of an already outstanding and up-to-date plant. 


The graphic control panel which forms the heart of the 
whole installation, embodies a number of Evershed Miniature 
Recorders which will provide a permanent record of the per- 
formance of the plant, and will also furnish data for accountancy 
purposes etc. The control panel also includes Miniplaques, so 
that bumpless transfer from automatic to manual operation of 
the plant, when desired, can easily be accomplished. An auto- 
matic alarm system, covering every vital part of the plant, also 
terminates at the panel. 

In view of the complexity of the process controlled, use has 
been made of the Evershed “In-Line” Scanner, which facilitates 
the supervision of the whole of the plant by a single operator, 
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maximum tube anode voltage, can then be obtained. R, 
is calculated such that this current flows at the maximum 
tube anode voltage 


i.e., R, = Va max) / ip 


A check should be made to ensure that the output volt- 
age exceeds the minimum anode voltage when the mains. 
voltage is at a minimum. 

It should be noted that the curves have been drawn for 
an ideal rectifier. When a metal rectifier, with a finite 
back resistance is employed the curves at zero current will 
pass through a voltage less than the peak supply volts. 
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and which pin-points the location of any possible irregularity 
at once. 
An interesting feature is the facility with which future exten- 





The control panel at the Wissington factory 


sions of the plant may be added to the present installation and 
incorporated at the control panel, without interference with the 
existing control arrangements. 
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AN AMPLIFIER FOR A.C. BRIDGES 


By A. H. Allan*, J. R. Gabriel* and B. H. Robinson* 


The requirements of an amplifier for a.c. bridges working to an accuracy of one part in ten thou- 
sand or better, from power frequencies to audio frequencies, are discussed. An amplifier to meet, 
in part, these requirements, is described, and figures are given for its performance. 


S—. to be used to one part in ten thousand or 
better need precise balancing of the bridge. The attenua- 
tion through the bridge when it is just perceptibly off 
balance is well over 100dB. Since the voltage that can be 
applied to the unknown is limited, and the sensitivity of 
the detector is also limited, the amplifier must have a con- 
siderable gain, and the output due to thermal noise, to 
mains hum, and to stray voltages picked up by the circuit 
must be kept very low. 

The obvious way to reduce noise is to filter out all 
frequencies except the one at which the bridge is work- 
ing. To do this, a filter of exceedingly narrow bandwidth, 


2000pF 
(a) 
rae 


te indies 











(b) 








To amolifier 
Fig. 1 (a) Schering bridge. 


(b) Resistance bridge 


variable from below 50c/s to the upper limit of audi- 
bility would be wanted. Some sensitive detector-amplifiers 
saturate at low input levels, so that when a bridge is more 
than a short distance from balance, it is impossible to 
tell whether adjustments are being made in the right or 
the wrong direction. Ideally, the detector-amplifier should 
show a continuous increase of output as the bridge is 
varied from balance to complete unbalance. That is to 
say, it should never saturate. The gain control which is 
usually fitted to prevent working in a saturated condition, 
is a nuisance which is minor but significant. Bridges of 
this accuracy are commonly built up from components as 
they are required, and may have output impedances of 
widely different values. The input transformer, which 
matches the bridge to the amplifier, should be easy to 
change, but should have connexions that do not readily 
pick up stray fields. It is easier to design a number ot 
transformers with different ratios and impedances than a 
single one with a number of primaries. 


Description of Amplifier 
The amplifier which is described in this note was intended 
only as a step towards the ideal. It was to be used with 
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bridges, of which the two shown in Fig. | are typical; 
although it might be wanted for any frequency up to the 
top of the audio range, 50c/s and Ikc/s were the two most 
important frequencies. Saturation is prevented by a switched 
attenuator with steps of 20, 40 and 60dB. This arrangement 
does not introduce the noise of a continuously variable 
potentiometer, and small steps are not needed since the 
whole system from amplifier input to the detector (the ear, 
a vibration galvanometer or an oscilloscope) can tolerate a 
20dB variation without overloading. 

To attain flexibility, there are three units; a main ampli- 
fier, with a frequency range from 30c/s to 20kc/s, a fre- 
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quency selecting unit with some gain, and a power supply. 
Two different frequency selectors have been made. One has 
a range from 40c/s to 60c/s and the other a narrow band 
centred on 1kc/s. The second can be switched to work un- 
tuned, and then has a range from 20c/s to Skc/s. 

The main amplifier (Fig. 2) is designed to have low noise. 
It is conventional except that the first valve is screened 
with 18 gauge copper, and the input lead is enclosed in 
copper tube. The heater leads can be connected either to the 
6-3V supply of the power pack or to a battery. When the 
mains supply is used, the hum is reduced by an earthed 
variable potentiometer in the filament supply. 

The best arrangement for earthing is one that uses no 
common earth lead for points of the circuit that work at 
very low levels and at higher ones. The actual earth used 
should be independent of the mains supply earth. The three 
chassis of the amplifier were connected together and then 
to the bridge earth by the screen of the input lead. The earth 
currents in this screen apparently cause no trouble, this 
lead is a screened twin, and the screen does not carry the 
signal current. Within the pre-amplifier the earthing 
arrangements are as shown in Fig. 2. The various earth con- 
nexions of each of the two stages are brought to a common 
point, and the two points are joined by a single wire. 

The ikc/s and the 40 to 60c/s amplifiers are designed to 
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cover the two frequencies that are far the most commonly 
used. The bandwidth at Ikc/s is about 2c/s and at 50c/s 
about 0-6c/s. As a consequence, the noise present in the 
Output is proportionately greater at about 50c/s than at 
lkc/s. A practical limit to the useful gain of an amplifier 
is that it should give some definite noise output at full gain. 
In this case, the definite output that is wanted is fixed by the 
highest level that an observer can conveniently tolerate in 
headphones, and an observer who is constantly listening for 
exceedingly faint sounds at balance cannot tolerate very 
high maxima. The gains of the two frequency selective units 
have been designed to give the highest tolerable noise out- 
put when working at full gain. Since the low frequency 
amplifier is inherently much: 


Performance 

The minimum voltage that the wave analyser used could 
measure was 5mV. Zero means a voltage of less than this 
value. Voltages expressed in dB are referred to 1V as OdB. 


PRE-AMPLIFIER 
Input resistance 470k? 
Output load resistance 470kQ2 
Noise Output 
Gain setting Gain setting 





the noisier of the two, the 
gain that it can have has 
had to be kept much lower 
than that of the lkc/s one. 

The ikc/s amplifier (Fig. 
3) has a bridged-T network 
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the amplifier is a little short 
of oscillation, and a fine tun- 
ing control, adjustable over 
about 10c/s. Normal tuning 
is of the supply oscillator 
to the amplifier frequency. 

The 40 to 60c/s amplifier (Fig. 4) uses a twin-T network, 
and the tuning frequency is variable over a comparatively 
wide band. The three feedback resistors Ri, Re, and R; 
must be separately adjusted to the working frequency by 
connecting an oscilloscope in the feedback path at JK», and 
varying the three resistors until the twin-T network 
attenuates most at the working frequency. 

The power supply is conventional and is not illustrated. 


Fig. 3. Iike/s tuned amplifier 
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Fig. 4. 40 to 60c/s tuned amplifier 


Input open 135 0 
Input shorted 40 0 
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Input open 830 0 
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CYCLES/SECOND 
Fig. 5. Pre-amplifier characteristic 


When the heaters were fed from mains the random noise 
voltage remained unaltered, and was superimposed on the 
mains-frequency output. 

Gain-frequency Characteristic (Fig. 5) 

Gain control set at 0(max) and output brought to a 

constant level of 1V (0dB). 
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The gain-frequency characteristic is not affected by the 
gain control setting provided the amplifier is not over- 
loaded. 








GAIN MID-BAND | APPROX. OUTPUT | APPROX. 
CONTROL | ATTENU- | GAIN (DB) AT START OF INPUT 
SETTING ATIONS (300c/s) | SATURATION (V) (mV) 

0 0 83 34 3-2 
20 20 63 56 55 
40 39 44 58 560 
60 61 22 4 340 




















1kc/S AMPLIFIER 
Input resistance 470k 
Output resistance 1-2kQ 
Untuned Characteristics 
Noise output: 20mV of main hum, with the input open 
or shorted. 


Gain-frequency Characteristic (see Fig. 6) 
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Fig. 6. Ike/s amplifier characteristic 
General 

Approx. output at start of saturation 20V 
Approx. input at start of saturation 430mV 


Tuned Characteristics 


Noise output: Noise output is less than 5mV with input 
open or shorted. 


40 To 60c/s AMPLIFIER 
Input resistance: 
Output resistance: 2:5kQ 
Characteristic : when tuned to 50c/s 
less than SmV noise output under all conditions. 


470k 


Gain-frequency Characteristic (see Fig. 7). 


Fig. 7. 40 to 60c/s amplifier characteristic 
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PRE-AMPLIFIER WITH 1KC/S AMPLIFIER 
Noise Output 
(1) Heaters and h.t. supplied from mains: 





























NOISE VOLTS AT OUTPUT 
GAIN 
CONTROL INPUT OPEN INPUT SHORTED 
SETTING 
MAINS RANDOM MAINS RANDOM 
UNTUNED: (1) 
0 11V 4V 2:5V 0-65V 
20 1-1V 0-4V 250mV 65mV 
40 110mV 40mV 60mV 15mV 
60 70mV 10mV 60mV 15mV 
TUNED: (2) 
200mV 90mV 50mV 10mV 
20 20mV 9mV 5mV 0 
40 5mV 0 0 0 
60 0 0 0 0 





(2) Heaters supplied from battery and h.t. from mains: 

















UNTUNED: 
0 0 SV 0 1:3V 
20 0 0:5V 0 130mV 
40 0 50mV 0 13mV 
60 0 10mV 0 5mV 
TUNED : 
0 0 110mV 0 20mV 
20 0 13mV 0 S5mV 
40 0 0 0 0 
60 0 0 0 0 














(1) Approx. output due to thermal noise from input resistance 2}V. 
(2) Approx. output due to thermal noise from input resistance 4mV 


PRE-AMPLIFIER WITH 40 To 60c/S AMPLIFIER 
(1) Heaters and h.t. supplied from mains: 


Noise output: when tuned to 50c/s, 
less than 5mV of random noise at any gain setting with 
input open or shorted. 
































GAIN MAINS NOISE VOLTS AT OUTPUT 
CONTROL 
SETTING INPUT OPEN | INPUT SHORTED 
0 0-4V 110mV 
20 40mV 15mV 
= omy y APPFOX. 
With input open and gain set at 0 (max) 
AMP TUNED MAINS-NOISE 
TO C/s OUTPUT 
40 | 15mV 
50 0-4V 
60 | 15mV 











(2) Heaters supplied from battery and h.t. from mains: 
There was no mains or random noise output under any 
conditions of input, gain setting, or amplifier tuning. 

NOTES: 

(1) Voltages are expressed as 1/ V2 of peak values. 

(2) When the heaters were fed from mains, the earthing 
potentiometers on the power supply were always set to 
give a minimum of mains-frequency output. 

(3) When the heaters were fed from a battery, one pole 
was always earthed. 
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A U.H.F. Wide 


By J. Kason, A.M.I.E.E., A.M.Brit.I.R.E. 


Band Amplifier 


A wide band u.h.f. amplifier of a mid-band frequency of 500Mc/s and having a bandwidth 

equal to approximately 40Mc/s is analysed. The anode and grid impedances of a stage are 

evaluated and a method of coupling, using a balanced delay line in the anode, is shown. The gain 
and noise factor are also considered. 


HE design of a wide band u.h.f. amplifier is analysed, 

and a lay-out diagram, and its electronic equivalent 
are shown. 

Wide band amplifiers for wire distribution in Bands 1, 
2 and 3 and their design have already been described in 
the past”*’. With the continuous growth of programmes in 
Band 3, a need may arise in the near future for the dis- 
tribution of new television black and white or colour chan- 
nels on higher frequencies. The amplifier described below 
could meet such a demand. 


Circuit Arrangement 

A single stage amplifier was investigated and later two 
stages with staggered circuits and with circuits tuned to 
the same frequency (synchronous) were considered. The 
circuit diagram of a two stage amplifier is shown in Fig. | 
and Fig. 2 shows the main details of the assembly. 

Examination of Fig. 1 shows that balanced delay lines 
are used in each anode circuit and to couple the two valves, 
Parts of the lines are shown dotted to indicate that one 
half exists only as an image in the metal of the case. In 
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Design Considerations 

It is extremely difficult, at u.h.f., to keep the anode band- 
width below 10Mc/s, and as the figure of merit of a valve 
is approximately constant, the gain per stage is small. It 
was decided to utilize this wide bandwith in the design of 
the amplifier, but keeping the noise figure as small as 
possible. The optimal noise bandwith per stage was calcu- 
lated, and the design of the amplifier was centred around 
that figure. 

A number of different valves were considered with re- 
gard to signal-to-noise ratio, and the best compromise, con- 
sisting of two E2521 valves in the circuit shown in Fig. 1 
was adopted. The compromise arises because, although 
planar valves 416A, 6299, 5768, 6BY4, etc. have a better 
signal-to-noise figure, it was considered uneconomical to 
adopt their costly mechanical construction for commercial 
usage. 

The E2521 is a miniature type valve, which requires a 
B9A base, has a planar construction of electrodes for opera- 
tion up to 1000Mc/s. The valve must be operated with 
—0:SV on the grid and 15mA anode current exactly, in 
order to obtain optimum signal-to-noise ratio. 
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wideband amplifier 


addition, certain other components which do not exist .as 
separate physical entities are also shown dotted. 


ANODE CIRCUIT 

The anode circuit consists of a 1100 balanced delay line, 
the physical portions of which are a copper rod and a 
trimmer capacitor as shown in Fig. 2. A calculated elec- 
trical zero appears at approximately 2-19in from the trim- 
mer and a 58{) tapping point was calculated to be 0-72in 
from the zero point. The trimmer is at the far end of the 
line and offers a convenient tuning facility. The delay line 
tunes with the anode stray capacitances which are equal 
to 4-7pF, viz Cax 1-8pF + Costray 0-2 + Cenoke 2°7. 

Anode damping is provided by an impedance r,’, shunted 
by the transferred load impedance, and the valve operates 


, 


in the maximum output power condition. ra’ is assumed 
1/2m + 1/R, 
1 gn 

and is further modified to r.” by the capacitances at each 
end of the line. Under the conditions shown, ra” becomes 
21:2k{2.. The calculated value of the transferred load im- 


to be ra, Where ra is the anode impedance, 


pedance is 2°62k® so that the total effective dynamic im- 
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pedance of the anode tuned circuit Ra, is 2°33kQ) and this 
results in a bandwidth of 28Mc/s. 

The 68pF coupling capacitors (Cs,Cy in Fig. 1) form 
series resonant circuits with their own leads to provide 
minimum phase shift. The anode line phase shift is 
approximately 1 radian (see Appendix). 

The amplifier could be further improved by connecting 
the h.t. choke to the electrical zero point instead of to the 
anode but, because of the difficulty of knowing the exact 
position of the zero point, this has not been done at the 


present stage. 
INPUT CIRCUIT 


The input impedance Zin consists of the input resistance 
R,, shunted by the reflected valve and load impedances and 





tin diameter tin diameter 

copper rod Z copper rod 

11OQ delay “1102 delay 
line A) line 


2 in diameter 
copper rod 


58Q delay 
line 









































Fig. 2. Main details of assembly 


by C,x all in series with the SpF capacitor (C; in Fig. 1) and 
with the inductance of its leads. The resultant calculated 
input impedance (see Appendix 2) at the socket is approxi- 
mately 600. 

GaIn*? 

The gain of a single stage, two valve, amplifier was cal- 

culated with the following results: 

(1) A staggered pair with each valve circuit having a 
bandwidth of approximately 36Mc/s, a bandwidth 
factor of 0-06 and a displacement factor of 1-03, was 
found to have a gain of 18dB for a total bandwidth 
of 40Mc/s at the 3dB points (See Appendix 3). 

(2) A synchronous cascaded, two stage, two valve ampli- 
fier having a bandwidth per stage of over 50Mc/s is 
required for an overall bandwidth of 38Mc/s at the 
3dB points and this has a total gain of 16dB. 


Noise (See Appendix 4) 
The noise factor for an E2521 valve is 8-9dB at 


SOOMc/s. The mid-band (500Mc/s) noise factor is 
further increased by the addition of a second stage, since: 
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Fe =F, + (F2 — 1)/Gi + (Fs — 1)/G2+...... 
where Fi F2; == Noise factors 

GiG: = Mid-band gain of individual stages. 
Hence, for a staggered pair, for the worst signal-to-noise 
point, viz. 520Mc/s: 

F,' = 7:75 + 7:75/4 = 9:69 = 9.85dB 
and the equivalent noise at the input becomes: 
én’ /Rin = Fy! kT(BW) + kBT(BW) 
* én = [kKT(BW) (F,' + B) Rin}? = 3-78uV 


Similarly, the noise figure for two cascaded stages was 
evaluated. 
F,” = 7:75 + 7:75/63 = 8-9 = 9-5dB 

and the corresponding noise figure at the input becomes 
3-67uV. 

The optimum signal-to-noise bandwidth per stage for 
an E2521 valve working at 500Mc/s with the circuit shown 
in Fig. 1 has been calculated to be approximately 33Mc/s. 


General Description 

The amplifier is suitable for working into a 600 load, 
which is tapped across the output delay line. The two 
valves are inter-connected through a 582 delay line via an 
isolating capacitor which, together with its leads, behaves 
as a series tuned circuit. 

The amplifier, whether having staggered circuits or not, 
has the same components, the only difference being the 
frequencies to which they are tuned. 

The staggered pair has its first valve anode circuit tuned 
to 485Mc/s (BW = 29-1Mc/s) and the second 515Mc/s 
(BW = 30-9Mc/s). 

The cascaded stages are both tuned to 500Mc/s, the 
bandwidth for each being 55Mc/s and for the two 38Mc/s 
at the 3dB points. 


Conclusions 

The u.h.f. wide band amplifier, intended for wire distri- 
buting has been proved. Although valves such as the 
6BY4 will provide an improvement of 3 to 4dB on the 
noise factor, they require concentric lines and the resultant 
complex mechanical construction adds to cost. The E2521 
was chosen as the best commercial compromise. 

The amplifier is simple to make, to align, and to main- 
tain. 
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APPENDIX 
(1) ANoDeE Circuit? 
The tuning of the anode circuit is evaluated below: 
Zr + Z, tanh Pl 
° Zs + Zo tanh Pi 
Zr + jZ.tanO 
oa jZpr tan 0 
Zr+ jZ.0 
Zo + jZrO 


Zs Z 





= Zo for O<4 radian 





hysical length 
@ = 20 1/A, where | = OE as 
velocity factor 
and 27 1/X =~ 1 radian. 
Now the diameter of the line is tin and the distance 
from the chassis is 5/16in, so that 


Z. = 1100 
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The anode stray. capacitances were shown to be 4:7pF, i.e. 
approximately —j68Q at 500Mc/s. 

Thus Z, = 110 —j68 + j110 x 1-785 

110 + j(—j) 49-7 x 1785 

=~ + j68 

Hence the trimmer value becomes equal to the total 
anode strays, viz: the anode resonance will be obtained 
with the trimmer setting of 4-7pF approximately. 





(3) THE DESIGN OF A STAGGERED Pair®” 


The design of a staggered pair having a bandwidth of 


40Mc/s at the 3dB points and a gain of about 18dB at 
500Mc/s, is briefly explained. 


8 = 1/0 = 40/500 = 0-08 


hence, the bandwidth ratio d = 0-06 and the displacement 
a = 1-03, so that f: = 500 x 1:03 = 515Mc/s and BW, 
= 515 x 0:06 = 30:9Mc/s. Also fz = 500/1:03 = 


485Mc/s and BW, = 485 x 0:06 = 29-1Mc/s. 


(2) INpuT IMPEDANCE! 


The impedance at the input terminals is evaluated as 
follows. 


Figure of Merit _ a1 x 40 


The staggered pair gives a Tchebycheff response curve. 


The improvement in (G x BW) over 2 stages, tuned to the 
same frequency, is 


i2xan — 
ii x wiz 


The gain per valve = 


1-54. 


























Fig. 4. Input for signal without noise 


GW ~ 12-848. 


Q; (anode) = Q: (anode) = F;/BW, = F2/BW2 = 16°65. 


(4) Notse}*+5 


The shot noise power at the output = FkT(BW)G, 
where F = mid-band noise 

G = mid-band gain 

k = Boltzmann’s constant 

T = temp. in °k 

BW = bandwidth 
Also F = F, + (F2 — 1)/Gi + (F3 — 1)/G2 + .... 
Hence the noise power at the input ~ FkT(BW). There- 


fore the total noise at the input becomes :— 


Sources marked with a large E are signal sources and 
those marked with a small e are sources of noise. 
mR,Ra Ps Ra 
= —.—— and E. = mE, oe a 
. mRa+Ra * m’Ri+ Ra 





(u + 1)E, 
Also, J, = Ro R, Where Ro = Ra + (u + IR. 
Hence, J, = , 
Eo Ra + Rt 
eager aa h , = / m . 
Rot R, where R ee l/gu + Rri/p 2 


Thus, for a signal without noise, circuit Fig. 3 (b) can 
be shown to be as Fig. 4. 


21200 + 2620 _ 


wa 


and R, ~ Zin ~ —————_ = 582) 
‘ 41 ‘ 
Slotted line impedance measurements made with simu- 7 
lated anode impedance gave Z; = 60 tan 27°. 8. 


Closed-Circuit Television Aids Radiation 
Treatment 


én’/Rin = FkT (BW) + kBT(BW) 
where £ = noise temperature ratio 
€n = noise voltage 
Rin = input impedance 
“. @n = [kKT(BW) (F + 8) Rin]? 
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beam, since a centimetre’s movement in any direction would 
render the treatment useless. 


By keeping the patient under constant supervision during 


—— a! = P . ; the irradiation treatment any movement is immediately 
Closed-circuit television is being used in the Royal observed. The treatment is then discontinued while the 


Marsden Hospital, London, to assist in the deep therapy 
radiation treatment of patients. The equipment is used in 


patient is repositioned. In this way the specialist knows 
that the equipment is being used at maximum efficiency 


conjunction with a Telecaesium Ray Treatment Unit and and in the most economical manner. 


permits the treatment to be carried out by remote observa- 


The television component has been designed so that no 


tion. In this way doctors and radiographers are safe-guarded operating skill is required. It is brought into use simply 


against excess radiation which can produce harmful 


by the operation of a master switch and normally no further 


effects. adjustment is necessary. 


Observation of the patient is necessary during this type 


The camera employed is the Marconi lin industrial 


of treatment since a beam of gamma rays is accurately vidicon camera Type BD835, and the installation operates 


directed into the affected region. It is therefore important 
that this region be kept in a fixed position relative to the 
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on a 625 line system. The 14in industrial monitor is an 
integral part of the telecaesium unit control panel. 
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A Millivoltmeter for Ultra High Frequencies 


By C. C. Eaglesfieid*, M.A., A.M.LE.E. 


A method is described for making measurements at frequencies up to a few hundred megacycles per 
second. The technique consists of using a modu'ated signal generator and having a crystal diode 
probe to detect the modulation. 


HE author was recently faced with making measure- 

ments on mainly resistive networks at frequencies up 
to a few hundred megacycles per second, the only instru- 
ments available being a signal generator and a conven- 
tional valve-voltmeter. It was found that there was a very 
severe restriction in the small overlap between the greatest 
voltage available and the smallest measurable; in addition 
the capacitive loading of the valve-voltmeter was excessive. 

An alternative technique was then tried, of using the 
signal generator modulated and having a crystal diode to 
detect the modulation, which was then amplified by a 
sensitive amplifier. This technique is common in stand- 
ing-wave measurements, for which purpose special tuned 
low-frequency amplifiers are available. 

It was immediately clear that the method was in essence 
a solution, since the sensitivity was greatly increased and 
the loading reduced. However between the first appre- 
ciation of a possible indicator and the realization of an 
instrument which can be dignified by the name of volt- 
meter, some development was needed. 

The detected voltage from a crystal diode due to a small 
modulated r.f. voltage is proportional to the percentage 
modulation and to the square of the r.f. voltage. This 
square-law behaviour is not well presented on a linear 
scale, but meters exist with pole-pieces so shaped as to 
give a well-graded decibel scale. 

The practical problem splits into two parts, the crystal 
probe and the amplifier. 

Only three components are necessary in the probe, the 
circuit of which is shown in Fig. 1: a feed capacitor, the 
crystal diode and a shunt resistor. (The r.f. path to the 
crystal is completed by the cable capacitance.) 

The most important requirements in the diode are small 
size, low capacitance and high resistance. 

The shunt resistor should be of small-size and low 
capacitance; its magnitude should be intermediate between 
the crystal and the input resistance of the amplifier. 

The magnitude of the feed capacitor is a compromise: 
by making it rather small, a probe of low capacitance 
and conductance is obtained, but there is a loss of sensi- 
tivity and low-frequency response. 

The photograph (Fig. 2) shows an experimental probe 
before and after encapsulation. The metal ring is for the 
earth connexion; the flexible clip-lead shown is adequate 
up to about 300Mc/s. 

The amplifier must have very great sensitivity and a 
meter scale with a good decibel range. The author has 
found it convenient to use a Furzehill Type V200 valve- 
voltmeter. This has a very good decibel scale and succes- 
sive ranges increase by 10:1, ie. 20dB. With the square- 
law detector, each range covers 10dB. The sensitivity of 
the standard instrument is as great as its wide band permits 
but the author has found it possible to increase the sensi- 
tivity considerably, by restricting the band to frequencies 
normally used for the internal modulation of signal 
generators. 

This great sensitivity is of value, because it gives a 
wide range of voltages over which the diode response is 


* Standard Telephones & Cables Ltd. 
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square-law: this simplifies the calibration very greatly. 
The narrower the frequency band, the greater the sensi- 
tivity can be, which suggests the desirability of tuning; 
however, the author was disappointed at the small advan- 
tage got in practice by tuning. The explanation seems to 
be as follows: for a good amplifier, the residual indica- 
tion arises from noise in the diode and this noise voltage, 
in the absence of ‘flicker effect’, is proportional to the 


. 


+ 











Fig. 1. The probe circuit 





Fig. 2. An experimental probe, before and after encapsulation 


square root of the bandwidth. The modulation, however, 
is proportional to the square of the r.f. voltage. It therefore 
follows that for a given ‘signal-to-noise’, the r.f. voltage 
is proportional to the fourth root of the bandwidth. 

With a sufficiently narrow band, a fair improvement can 
be obtained, but the practical inconvenience is consider- 
able. The author is of the opinion that it is hardly worth- 
while to attempt to restrict the band more than has been 
mentioned above. Of course, if all signal generators had a 
standard, accurately set modulation frequency, it would 
be another matter. 

As an indication of the possibilities of the method, some 
performance figures follow for a modified Furzehill volt- 
meter and experimental probes. 

Input capacitance: 0-4pF 
Input resistance: 0-25MQ 
Smallest voltage indicated: 3mV 
Largest voltage indicated: 0-3V 
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The capacitance and resistance of the probe were 
measured at 50Mc/s. For the voltage measurements the 
modulation depth was 60 per cent; by largest is meant 
that square-law indication is preserved. 

The performance at different frequencies is shown in 
Fig. 3. The standard used was a Marconi Ekco signal 
generator, Type 801B, and the voltage was measured at 
the end of the flexible cable, which was terminated in a 
20dB pad. There is some undulation in the curve, indicat- 
ing a small amount of standing wave in the signal generator 
cable, but on the whole the result speaks well both for 
the generator and the voltmeter. It will be noticed that the 
drop at the lowest frequency, 10Mc/s, is not large. 

In conclusion, it can be said that while the method 
described has certain limitations and the sensitivity is less 
than can be got at low frequencies, yet it extends the 
frequency range over which millivoltmeters can be avail- 
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able by a couple of orders. It will be noticed how 
conveniently it takes over just where low-frequency milli- 
voltmeters reach their limit. 
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A Compact Stabilized D.C. Supply 
for Valve Heaters 
By J. C. S. Richards*, B.Sc., Ph.D. 


A stabilized supply giving up to 0°8A at 63V d.c. is 

described. Mains voltage variations of +10 per cent 

affect the output by less than +0-05 per cent, and internal 

resistance is less than 0-05Q.. The apparatus is designed 

to be incorporated in a stabilized h.t. supply, and the 

additional chassis space and rectified power required by 
it is comparatively small. 


UMEROUS circuits for stabilizing valve heater supplies 

have been described in the literature (see Benson’), but 
most of them are designed to feed a large number of valves 
and are consequently bulky. In many electronic instruments 
a few only of the valves require a stabilized heater supply. 
The circuit to be described gives up to 0-8A at 6:3V d.c.; 
this is sufficient for (say) four low noise pentodes, or two 
double triodes and a pentode, such as may be found in 
the first two stages of a high gain direct coupled amplifier. 
The apparatus is compact. If it is used in conjunction with 
a stabilized h.t. supply, as it is intended to be, it need 
occupy less than 20in* of chassis area. 


Basic Principles 

The complete circuit is shown in Fig. 1. The valve V3 
operates under class-C conditions as a reaction oscillator. 
Its frequency, nominally 20kc/s, is determined by the tuned 
circuit in its anode. The 20kc/s signal is rectified and 
smoothed by MR, Li and C; to give the 6-3V d.c. output 
This output is compared with a fixed reference voltage and 
any difference between the two is amplified by the tran- 
sistors X; and X2 and the thermionic valve V:, and applied 
to the grid of V2. The valve V2 acts as a cathode-follower 
and alters the mean screen grid and anode potentials of 
V3; in such a way as to tend to keep the output voltage 
constant. The general theory of this type of feedback 
stabilizer is well known and need not be discussed here. 
Some details of the design, however, deserve comment. 


The Transformer 


Complete specifications for the transformer 7; and the 
smoothing choke L; are given in the appendix. In general, 











* Natural Philosophy Department, Aberdeen University. 
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the higher the frequency of oscillation, the smaller the 
physical size of transformer 7; and the choke Li. The 
upper limit to the frequency is set by the metal rectifiers, 
which become less efficient when the frequency is appreci- 
ably greater than 10kc/s. This frequency was initially 
chosen, but it was found difficult to prevent, completely, 
acoustic radiation from the components and chassis. A 
shrill whistle, although faint, can be very annoying, and 
the slight drop in rectifier efficiency when the frequency 
is raised to 20kc/s is more than compensated for by the 
resulting silence. 

It is desirable to make the unloaded Q of the anode 
coil of 7; as large as possible; by using a ferrite ‘ pot’ 
core the eddy current losses and the external field are 
both made negligible. Since the alternating voltage across 
the coil at full output is approximately 150V r.m.s. hysteresis 
losses in the core are not negligible, and at a frequency of 
20kc/s the ‘ proximity’ effect must be taken into account 
when assessing the copper losses. The size of air-gap in the 
core and the number of turns and gauge of the winding 
have thus to be carefully chosen. The capacitor C, must 
have a mica or other low loss dielectric. 


The Controlling Amplifier 


The controlling amplifier (X1, X2, Vi and V2 in Fig. 1) 
is required to detect changes in its input voltage of less 
than SmV. If thermionic valves (e.g. a balanced pair of 
triodes or pentodes) were used in the input stage; it would 
be necessary to feed their heaters from the stabilized 6-3V 
supply in order to reduce their drifts to less than 10mV. 
This is clearly not desirable in the present instance, when 
the total current available from the 6-3V supply is only 
0-8A. Fortunately, the input voltage to the amplifier is 
developed across a comparatively low impedance, and a 
pair of junction transistors (X; and X:2) ferms an ideal 
input stage. Drifts arising from temperature changes are 
minimized by selecting a pair of transistors with reasonably 
similar (within 20 per cent say) values for J.. and x’, and 
connecting them in the circuit shown, in which the large 
value of common emitter resistance serves to stabilize the 
collector currents in a manner analagous to the action of 
a large common cathode resistor with a thermionic valve 
pair. 

As an additional precaution, the transistors are set in 
holes drilled in an aluminium block which is mounted on 
grommets in the coolest part of the chassis. It is not diffi- 
cult to site the block so that its temperature is not more 
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than 10°C above room temperature. Since there are no 
high frequency currents associated with the transistor stage, 
there is no disadvantage in using long connecting leads if 
necessary. The voltage gain of the stage depends, of course, 
on the value of the «’ for the transistors used, but at worst 
it is greater than 100. This is comparable with the gain 
by a pair of pentode valves, and there is the additional 
advantage that the mean signal level changes by only a 
few volts between input and output. 

The filter formed by R; and C; reduces the ripple voltage 
applied to the base of X2, and also reduces the loop 
gain of the system at high frequencies and prevents in- 
stability. 

The apparatus has been specifically designed to work 
from the same high tension supplies as are commonly used 


condition. The effect of room temperature changes depends 
somewhat on the particular components used, and on the 
rate of temperature change, but as a working guide the 
change in output voltage may be taken as less than 0-05 
per cent per ° C change in room temperature (0-03 per cent 
per ° F). Allowing for a 10° C difference of temperature 
between the transistors and the air outside the chassis, the 
maximum permissible room temperature is 35° C (95° F). 

The circuit given in Fig. 1 can be modified fairly easily 
if a larger output current (2A say) is required. The essential 
change is the replacement of V3, 71, Li and MR, by com- 
ponents capable of handling the increased currents and 
voltages. The anode of V; is taken via 7; to the unstabilized 
h.t. supply, and V2 controls the screen grid voltage only 
of V3. However, the increased size of the new components 
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Fig. 1. The 6-3V d.c. stabilized supply 


with electronic instruments. In the prototype the 500V 
supply is obtained from a conventional full wave rectifier 
system with a capacitor input filter. The stabilized 300V 
supply is derived from the 500V supply by means of the 
cascode degenerative stabilizer described by Attree*. The 
current drawn from the S500V line is less than 55mA, and 
from the 300V supply less than 7mA. A stabilized h.t. 
supply having a value other than 300V may, of course, be 
used; the only modifications necessary to the circuit shown 
in Fig. 1 are in the values of Ro, Ry and Rez. 


Performance 

For output currents of between 0-8A and 50mA, the 
internal resistance of the 6:-3V supply is less than 0-050, 
and variations in the mains supply voltage of = 10 per cent 
cause the output voltage to vary by less than +0-05 per 
cent. In the extreme conditions of zero output current and 
a mains voltage 10 per cent greater than its nominal value, 
the output voltage may increase by as much as 1 per cent, 
but this is unlikely to be important in practice. The ripple 
content of the output is less than 5mV r.m.s. 

When the apparatus is switched on after being idle for 
some time, the output voltage may slowly decrease (or 
increase) by as much as 1 per cent during the first half 
hour, but thereafter any drift is less than 0-1 per cent over 
an hour, provided that the load current and room tempera- 
ture are reasonably constant. The initial drift is not normally 
serious, since the valves to which the supply is fed will 
take at least half an hour to reach their final operating 
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detracts somewhat from one of the principal features of 
the apparatus—its compactness. 
Acknowledgments 
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APPENDIX 
Specification for T; 

The core is madz by combining the parts from two 
Mullard Ferroxcube pot cores type LAS so as to form a 
single core having double the winding area. The air-gap 
is adjusted in the usual way to give the primary an induc- 
tance of 3-2mH. 

Primary winding: 164 turns, 26 s.w.g. enamelled copper 
wire wound 82 turns to each bobbin. 

Secondary winding: 11 turns, 22 s.w.g. enamelled copper 
wire. 

Grid winding: 16 turns, 32 s.w.g. enamelled copper wire 


Specification for Li 

40 turns, 20 s.w.g. enamelled copper wire wound on 
Mullard ferroxcube pot core type LA4. The air-gap is 
adjusted to give an inductance of about 500H. 
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RC Filters and Oscillators Using Junction Transistors 


By N. Sohrabji* 


Filters and oscillators are described in which a modified parallel-T network is used in the feed- 

back loop of a two-stage junction transistor amplifier. The same circuit may be used either as an 

oscillator, or as a filter, by adjusting the gain oj the amplifier. Details are given of the effects of 

variations of ambient temperature, supply voltage, and load impedance. Successful operation 

is obtained at frequencies up to 20kc/s. Over a wide range of frequency, the resonant frequency is 
comparatively independent of the transistor parameters. 


SCILLATORS and filters obtained by using an RC net- 

work in the feedback loop of a thermionic valve ampli- 
fier are very popular for low frequency applications, where 
the corresponding LC units would involve the use of bulky 
and expensive coils. The extension of these techniques to 
transistor circuits results in extremely compact units requir- 
ing little power. Transistor RC oscillators reported so far 
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Fig. 1. The basic circuit 


have used low impedance networks and the resonant fre- 
quency has been very much dependent on the parameters 
of the transistor. This article gives some of the results 








(w/wo)[pq (w/ wo)? — p(p + pq)] — j[(w/ we) p(p + pq) — pq) 


tion in the network, the circuit will oscillate at the frequency 
at which the total phase shift around the loop is zero. 
If the resonant frequency is to be dependent solely on the 
constants of the network, the phase-shift in the amplifier 
must be 180°, its output impedance must be much less than 
the input impedance of the network, and its input imped- 
ance much greater than the output impedance of the net- 
work. Some loading is inevitable, since the feedback voltage 
must appear across a finite impedance. 











Fig. 2. The parallel-T network 


The Parallel-T Network 


The general case of a parallel-T network is shown in 
Fig. 2. 


The response of the network is given by 





eof ei = 





ing advantages would be obtained: 








> > Se eee ee eee 1 
(w/wo)[pq (w/ wo) — (+ p+ pq + p+ pq) —j [(w/ wo) (p+q+pqt p+ p’q) — pq) - 
obtained in an effort to evolve circuits in which the follow- where 
ig Wa NED ove d,s ceieis t's tien 2 
(a) The resonant frequency should be comparatively ” anne ” 
independent of the transistor parameters. when q = I, 
: uit dete et). (3) 


(b) The RC network should be worked at a high impe- 
dance, so that for a given frequency, the capacitance 
values would be relatively small. 


(c) The operating frequency should extend beyond the 
audio range. 


A modified parallel-T network is used as the frequency 
selective feedback circuit. 


The Basic Circuit 


This is the same for both oscillator and filter, the function 
being determined by the circuit conditions. A generalized 
equivalent circuit is shown in Fig. 1. Z; represents the 
internal feedback in the amplifier, and its impedance must 
be kept as large as possible. It is desirable that the amplifier 
should be flat in the frequency range of interest; the fre- 
quency response can then be predicted from that of the 
network. When the amplifier gain is equal to the attenua- 
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om (w / wo)[p(w / wo)* _ (2p? + 2p+ 1)] -_ j[(w/ wo)" (2p? + 2p+l1) — p) 


At the resonant angular frequency w = wo, @o/ei has a 
minimum, real, value, given by 


2p =P 

2pP?+p+i1- 
When p = 0°5, e./e: = 0. This corresponds to the usual 
condition in which a parallel-T network is used. When p 
is less than 0-5, e./e; has a finite, negative value, and hence 


an output is obtained which is 180° out of phase with the 
input. 


Let Ao = (ei/ eo) 
Differentiating A. with respect to p 
1 — 4p — 4p’ 
dA./dp = —————— 
al (2p? — p)’ 


One value of p for which dA,/dp is equal to zero is 0-207. 
Further differentiation shows that for this value of p, Ao 
is a minimum. Substituting p = 0-207 in equation (4) shows 


eo/ei = 


DECEMBER 


1957 


Tae ee ee ee 








ae 


FEOVILTAE MMOE OD 24 








that 
oscil 


belo’ 


Qw 
the ; 


used 
imp 
pha: 
batt 





Jency 
Zero, 
n the 
dlifier 
than 
1ped- 
' Net- 
Itage 


n in 


(1) 


(2) 


(3) 


S$ a 


(4) 


ual 
lp 
1ce 
the 


)7. 
A. 
WS 





ae 





that the minimum value of gain required for sustained 
oscillations is approximately 20-6dB. 

For filter circuits, the gain must be adjusted to a value 
below that required for oscillation. The maximum value of 
Q which may be used is then dependent on the stability of 


the amplifier. 


The Amplifier 

A common-collector, common-emitter combination is 
used with RC coupling. Such a circuit has a high input 
impedance, a moderate output impedance, and gives a 180° 
phase-shift. The power supply is obtained from a 4-5V 


battery. 























Fig. 3. The oscillator 




















Fig. 4. The filter 


The Oscillator (Fig. 3) 

The input impedance of the amplifier is further increased 
by using a series resistor in the base circuit of transistor 
X;. The parallel-T network is supplied from the collector 
of X: and feeds back into the base of X;. A thermistor is 
used to limit the amplitude of oscillations and thus provide 
a low distortion output at constant amplitude. The output 
may be taken from the collector of Xs. The drain on the 
4:SV battery is 0-8mA. 


FREQUENCY 


Oscillation is obtained at frequencies up to 20kc/s. The 
difference between the frequency of oscillation and the 
calculated resonant frequency of the network is shown in 
Table 1. The component values were measured to an 
accuracy of 1 per cent and the frequency measured to an 
accuracy of 0-5 per cent. 

At the higher frequencies, the value of C must be in- 
creased and that of R decreased. Up to about 3kc/s, the 
frequency of oscillation is very close to the resonant fre- 
quency of the network. This is a major advantage of the 
Present circuit. Oscillation has been achieved at frequen- 
cies as high as 20kc/s, but the internal reactances of the 
transistors have a marked effect on the frequency at this 
range. At very low frequencies large phase shifts occur 
in the coupling network, and d.c. amplifier circuits must 
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TABLE 1 











R(kQ) 60 60 100 40 

5s 1000pF 500pF 0°01nF 250pF 

Dp O02 Or2 02 u'2 

fo, calculated, | 2650 5300 159 15900 
(c/s) 

fo, measured, | 2514 4604 157 10640 
(c/s) 

Output voltage | 1Vr.m.s. | 1Vr.m.s. | 1Vr.m.s. | 1V r.m.s. 

















be used. The thermistor is effective in keeping the voltage 
at various frequencies constant to within 5 per cent, and 
the distortion to less than 5 per cent. 


STABILITY 
It is important to assess the effects of variations of 
ambient temperature, supply voltage, and load impedance, 
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Fig. 5. Response of the filter 
f, = 25l4c/s, Q = 25 


on the frequency, waveform, and amplitude, of oscillations. 
The effect of temperature is shown in Table 2. The 
thermistor was removed for these measurements since it 
is inherently temperature-sensitive. It is, however, possible 
to reduce the effect of temperature variations on the 
thermistor by working it at a large fraction of its maximum 
power rating. 





TABLE 2 
Ambient | 
temperature | | 
Cc 20 25 30 35 40 
Frequency (c/s) | 2486 2479 2470 2458 2442 
Output voltage 
(r.m.s.) 1-65 1-65 | 1-62 1-6 1-56 
Distortion (per 
cent) <10 | <10 | <10 | <10 | <10 











Good stability can be achieved by using high stability 
resistors and capacitors, and by balancing the temperature 
coefficients. 

Changes of supply voltage of +10 per cent have no 
effect on the frequency and distortion, while the ampli- 
tude changes by +5 per cent. Load impedances as low as 
10k22 may be used without affecting the performance of 
the circuit. 


The Bandpass Filter 
The circuit diagram is shown in Fig. 4. The same ampli- 
fier circuit is used as for the oscillator, and the overall 
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gain is reduced to a value below that required for oscil- 
lations by tapping the collector load resistor of X2. The 
Q of the filter is related to the amplifier gain and the 
stability of Q is therefore a function of the gain stability. 
The maximum value of Q which may be used, is, there- 
fore, limited by the necessity of avoiding oscillations. A 
typical response curve is shown in Fig. 5. The centre fre- 
quency of the filter for a given network will be identical 
with that obtained for the oscillator. 


Mechanical Details 


Layout is generally unimportant, except at the higher 
frequencies. The use of high impedance networks allows 
comparatively small values of capacitance to be used even 
at low frequencies, and extremely compact circuits are 
possible. Resin encapsulated units have been built, which, 
on preliminary tests, appear to have a good performance 
under impact and vibration. 


Conclusion 

The results obtained show that the desirable teatures 
mentioned in the introduction have been realized to some 
extent. A very simple circuit has been used in these ip. 
vestigations in order that the results may be compared 
accurately with the predicted performance. The use of 
overall negative feedback and special stabilizing techniques 
provides greater stability against variations of ambient 
temperature. The development of silicon junction tran. 
sistors will, no doubt, enable these circuits to approach 
in precision and stability, the performance of thermionic 
valve circuits. 
Acknowledgments 

The author wishes to express his thanks to the authori- 
ties of the Polytechnic, Regent Street, for providing facili- 
ties for research work. 


REFERENCE 
Hastincs, A. E. Analysis of Re istance-Canacitance Pa-allel T Network and 
Appl'cations. Proc. Inst. Ralio Engrs. 34, 126 (1946). 





Variable Delay Spark Illumination for Single Shot High Speed Photography 


By G. Hodgson* 


A method of taking a series of high quality photographs of a reproducible phenomenon by delay- 

ing the illuminating spark by a known controllable length is described. The delay is variable from 

100usec to Isec after the object has interrupted a light beam. The photographs are taken on a con- 
ventional camera, each photograph having an exposure time of 20usec. 


HE use of a spark as a source of illumination for 

single shot high speed photography is by now well estab- 
lished, and in cases where the phenomenon to be photo- 
graphed is reproducible it is probably the best method. 
Normally the objects to be photographed (in this case drops 
of liquids) are made to interrupt a beam of light which 
triggers a spark when the object is in focus on a stationary 
camera. If a delay of controllable known length can be 
introduced between the object interrupting the light beam 
and the spark discharge, then a series of photographs can 
be taken, providing that the object is small compared with 
the field of view of the camera. 


Apparatus 

Fig. 1 shows a block diagram of apparatus for taking 
a series of photographs of a drop of liquid falling on to 
a liquid surface. The detector unit consists of a photo- 
multiplier and a galvanometer lamp. The light beam from 
the galvanometer lamp comes to a focus 10cm from the 
lamp. The photomultiplier is placed 5cm behind the point 
of focus to allow a large patch of light to fall on to it. 
A drop of liquid passing through the focal point of the 
light beam will decrease the amount of light falling on the 
photomultiplier causing a pulse to be fed to the trigger 
unit. This unit produces a fast rising pulse which starts 
the delay unit, and introduces a delay variable between 
100usec and Isec before operating the pulse unit. The 
function of the pulse unit is to produce a 2:5kV pulse to 
the triggering electrode of the spark gap. 

A complete circuit of the apparatus is shown in Fig. 2. 
V; and V2 form the trigger unit which is a bistable multi- 
vibrator’. 

A positive pulse on the grid of V: causes its anode voltage 
to fall, and the grid voltage of V2 to drop, turning V2 off 
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and producing a positive pulse at its anode. A switch is 
provided to return the grid of V2 to zero for resetting the 
multivibrator. The delay unit comprising V; and V; form 
a Miller linear sweep generator®*. VV, is a cathode-follower 
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Fig. 1. Arrangement of apparatus 


for the purpose of decreasing the fly-back time. The sweep 
valve V; is cut off by holding its cathode positive; the run 
down is initiated by the positive pulse from the trigger 
unit arriving on the suppressor grid. The run down or 
delay time is determined by C and R (in practice a range 
of capacitors and a variable resistor were used to vary the 
delay time.) The output from the cathode of V¢ is fed to 
the pulse unit Vs, this is a CV73 (11E3) pulse tetrode which 
is cut off by holding the cathode SOV positive. Only a 
positive pulse is allowed to arrive at the grid of Vs, V7 by- 
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Fig. 2. The complete circuit 
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passing all negative pulses. The anode of Vs is at 2-5kV, 
and when the valve is turned full on by a positive pulse 
arriving at the control grid from Vs a pulse of about 
2kV is fed to the triggering electrode of the spark gap 
through a 750pF ceramic cup capacitor. 

The spark gap is a 3 electrode type** and was built across 
the terminals of an 8uF 4kV capacitor. 

The earthy electrode has a triggering electrode passing 
through its centre and insulated from it with a ceramic 
tube. Stainless steel was used for the electrode tips which 
are spaced about 4mm apart. 

A large elliptical mirror from a projection arc lamp was 
used to focus the spark on to the area in which the drops 
were to be photographed: 





Fig. 3. The complete instrument 


Power Supplies 


Three power units were required for the apparatus. A 
600V to IkV negative supply is required for the photo- 
multiplier, this is semi-stabilized against mains and h.t. 
variation. A S5Ok{2 potentiometer in the grid circuit of 
the CV276 (11E2) stabilizer valve provides the required 
control over output voltage, a 0 to ImA meter indicates 
the output voltage and is scaled 0 to 1000V. The 
trigger unit and delay unit require 350V d.c. which was 
obtained from a conventional power unit as shown in 
Fig. 2. The 8uF storage capacitor and the pulse output 
valve require 2-5kV d.c. This was obtained from a half- 
wave rectifier power unit as shown in the circuit diagram. 
The storage capacitor is charged through 500k resistor 
which limits the current drawn from the power unit when 
the spark gap discharges. 

The apparatus was assembled as shown in the photograph 
Fig. 3. 

A Contax MKII camera with a Sonnar f/1-5 lens was 
used to photograph the drops on Panatomic X film, the 
effective numerical aperture being f/22. As the shutter of 
the camera had to be left open it was essential to operate 
the equipment in a darkened room (but this did not prove 
difficult in practice). The exposure time is determined by 
the time taken for the storage capacitors to discharge 
through the spark gap, in this case 20usec. 

Fig. 4 shows 3 photographs taken from a series of 30. 
These are of a drop of water falling from a height of 
1-3cm on to a water surface, and show the impact. The 
water had added to it a small amount of synthetic deter- 
gent, Teepol. 


Conclusion 
It has been shown that by using a spark discharge as a 
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source of illumination and varying the time between ay 
object passing through a beam of light and the spark dig. 
charge, a series of good quality photographs can be takep, 
each photograph having an exposure time of 20usec, jj 
must be stressed, however, that the phenomena to fy 
photographed must be reproducible. 











Fig. 4. Water drops falling on to a water surface 


The apparatus which has been described proved adequate 
for the purpose for which it was designed, the accuracy 
of the delay unit could, however, be improved if more 
precise measurements were required, by the addition of 
catching diodes in the delay circuit. 
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LETTERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


The Adjustment of Linear 
Logarithmic Function Generators 


Dear SIR—A direct-coupled function 
generator may be tested by feeding in 
known voltages and measuring and piot- 
ting the output voliages. This method is, 
however, very tedious and it does rot 
lead to a rap:d determination of the opti- 
mum settings of the various bias adjust- 
ments. In a diode function generator 
these inevitably require some empirical 
trimming since the character:stics of indi- 
vidual diodes vary appreciably. 

With a  linear-logarithmic function 
generator, matters are simplified by apply- 
ing at the input a voltage which decays 
exponentially towards zero. When the 
function generator is correctly adjusted, 
this input should result in an output 
varying in a lirear manner with time. If 
the exponential input s:gnal is made to 
recur at a convenient frequency, the out- 
put may te observed on an oscilloscope 
and the effect of each bias adjustment 
may then readily be studied. 





Fig. 2. Output from simple 4-diode function 

generator with input provided by circuit of 

Fig. 1. Ideally this = would be a straight 
ine 


ning of the trace corresponds to the 
condition in which C is fully charged. 
Some curvature is clearly visible at the 
foot of the trace, corresponding to inputs 
below the range of logarithmic transfer. 
In the central part of the characteristic, 
however, the departures from linearity 
are barely discernible and in a function 
generator using many more d-odes it 
becomes quite impracticable to adjust 
individual bias controls by observation 














Input to function 
generator 
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Li.» oscilloscope 
trigger 
The necessary input signal may be 


provided by the circuit shown in Fig. 1. 
This comprises a form of multivibrator 
from which a substantially rectangular 
output waveform is obtained having an 
unimportant over-shoot on the pos.tive 
going step. At each cycle, the positive 
going step on the waveform rapidly 
charges the capacitor C through a diode 
so that the input to the function genera- 
tor is raised to about +20V. Half a 
cycle later, the multivibrator output falls 
abruptly to zero. This cuts off the diode 
so that the capacitor C discharges 
through resistor R accord:ng to an ex- 
ponential law. 

With an ideal logarithmic function 
generator, such an input would produce 
an output changing in a linear manner 
with time. Fig. 2 shows a typical result 
obtained from a simple four-diode func- 
tion generator. The plateau at the begin- 
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Fig. 1. Modified multivibrator circuit providing 
function generator with repetitive input signal 
having an exponential decay 


of such a display. Even a simple circuit 
may not be adjusted to the optimum con- 
dition since non-linearities in the oscil- 
loscope amplifier, time-base and c.r.t. 
distort an otherwise linear diagonal trace. 
This method of display is therefore not 
satisfactory where output errors must be 
restricted to less than about 5 per cent 
of the total deflexion. 

By pass:ng the output signal through 
a differentiating stage, an oscilloscope 
trace may be obtained representing the 
gradient of the output rather than the 
output itself. With a true exponential 
input to the function generator, there- 
fore, the oscilloscope display should con- 
sist of a horizontal straight line over the 
operating range of the circuit. When a 
reasonable approximation to this has 
been obtained, the oscilloscope gain may 
be increased until it is seen that this line 
consists in fact of a series of humps. 
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This is clearly evident in Fig. 3 which 
shows the differentiated and amplified 
signal obtained from the output shown 
in Fig. 2. The humps in the oscilloscope 
display arise where the generated func- 
tion departs locally from the ideal 
logarithmic function. When only a smail 
number of diodes is used, the departures 
from the ideal will necessarily be con- 
siderable. In the case of a function 
generator using 16 diodes, however, the 
departures from a true logarithmic res- 
ponse can te restricted to less than I per 
cent over a range of three decades. In 
Fig. 4 the amplification has been in- 
creased by a factor of five in order to 
reveal the much smaller irregularities in 
the differentiated output. These irregu- 





Fig. 3. Differentiated output from 4-diode func- 

tion generator. The changes in slope barely visible 

in Fig. 2 here become evident as pronounced 

humps. Ideally this trace would be a horizontal 
straight line 





Fig. 4. Differential output from 16-diode function 


generator. This represents a much better approxi- 

mation to the ideal horizontal straight lime 

despite the use of an oscilloscope sensitivity higher 
than that used for Fig. 3 


larities may always be made visible, how- 
ever, by sufficiently increasing the ampli- 
fication and it is then a simple matter 
to adjust even a large numter of bias 
controls to their optimum settings. 

In principle, this method of testing 
function generators is applicable also to 
functions other than logarithm:c provided 
an accurate and repetitive inverse func- 
tion can te applied to the input. It hap- 
pens that this is most read:ly done with 
a logarithmic function generator. Pro- 
vided the observed part of the display 
does not correspond to an overload con- 
dition of the amplifier, this method of 
testing eliminates all errors due to non- 
linearity of the oscilloscope amplifier and 
time-base and geometrical distortions 
occurring in the cathode-ray tube. 


Yours faithfully, 
D. M. NEALE, 


Physics Research Laboratory, 
Ilford Limited. 
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BOOK 


Atomkraft 

By Friedrich Miinzinger. 224 pp. 171 figs. Large 
8vo. 2nd_ Edition. Springer-Verlag. Berlin/ 
Géttingen/Heidelberg. 1957. Price DM 29-40. 
ih certa:nly happens not very frequently 

that the first edition of a technical book 
and its reprint is sold out after two years 
and that the necessity arises to enlarge 
and mainly rewrite it after such short a 
time. But this is less astonishing if the sub- 
ject of the book is in such rapid develop- 
ment as the peaceful uses of atomic 
energy. The first edition was reviewed 
in the April 1956 issue of ELECTRONIC 
ENGINEERING. Since then the 90MW 
Calder Hall station and a 5MW station in 
Russia have come into actual operation, 
the 1955 Atom-Congress in Geneva has 
finished publishing its proceedings, the 
5th World-Power Conference has taken 
place in Vienna 1956 and a vast amount 
of new material has appeared in the tech- 
nical press of all countries concerned. 

While the first edition was a slender 
volume of 94 pages the second one has 
been enlarged to 224 pages. This made 
it possible for example to devote now 
about 45 pages to the fundamentals of 
nuclear physics while these were dealt 
with on 24 pages in the previous edition, 
and in a similar though not quite so strik- 
ing manner the other chapters have been 
enlarged. 

The book is now subdivided into thre: 
main parts, a theoretical, a technical and 
an economic one. In the first part ihe 
physical principles, the cooling of the 
reactors and the constructional and 
active materials are discussed. The second 
part contains the description of a large 
number of reactor designs which, how- 
ever, are mostly in the project state only, 
the heat engines used in the atomic power 
plant and the construction of complete 
plants. In the third part the competitive- 
ness of nuclear power stations is discussed, 
a special section is devoted to develop- 
ments in Germany and a prediction is 
made about the second industrial revolu- 
tion caused by atom power and auto- 
mation. 

In an appendix the most important 
concepts are briefly explained, some use- 
ful tables are given and a not very elabor- 
ate bibliography, a name and a subject 
matter index conclude the book which is 
a welcome addition to the literature 
about this so important subject. 

One special point must be mentioned. 
A footnote on page _ 89 _ states: 
“Immediately tefore the printing of this 
book was fin‘shed I received a communi- 
cation that Calder Hall, which had been 
Officially put into commission on the 
17 October 1956, had to te shut down at 
the end of November because welding 
seams of the reactor or the steel con- 
tainer for the heat exchangers had shown 
leaks. Besides it was said that obnoxious 
radioactive phenomena had appeared: 
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how far these were connected with the 
leaks was not evident from the communi- 
cation. Furthermore it appears that the 
sodium-cooled reactor of the submarine 
Seawolf had to be reconstructed due to 
serious corrosions. Even if both communi- 
cations should be true one had to expect 
such children’s diseases, disagreeable as 
they may be, for the reasons given in this 
took. It is therefore only to be hoped that 
one will soon succeed in overcoming 
them.” 

As far as Calder Hall is concerned it 
may te said that the author’s hope has 
been fulfilled. The shutting down in 
November was scheduled beforehand for 
a routine inspection. The very slight leaks 
could be mended very quickly and also 
deformations of the fuel elements, pre- 
dicted by the Harwell specialists, could be 
set right within the shortest time. The 
plant is in full operation, the first reactor 
since middle of Novemter 1956 and the 
second since February 1957, and it may 
be added that only recently Sir Christo- 
pher Hinton stated that the putting into 
commission and operation of the plant 
was rather a “dull” affair as so little 
happened in comparison with conven- 
tional plant. 

R. NEUMANN 


Automation in Business and Industry 
By Eugene M. Grabbe. 611 pp. 276 figs. Demy 
8vo. John Wiley & Sons Inc., New York. Chap- 
man & Hall Ltd. 1957. Price 80s. 

HIS book is composed of a collection 

of lectures and represents a_ habit 
which is becoming too prevalent at the 
present moment: in this case, however. 
there is a difference. The lectures are a 
deliberately planned series given in the 
University of California. |The course 
was held in 1955 and was designed to 
provide up-to-date information on 
developments in automation and to des- 
cribe automation system application. The 
lecturers were nationally prominent engi- 
neers and scientists from industry, busi- 
ness and the universities. 

An introduction to the series is given 
by the Professor of Engineering at Cali- 
fornia University, in which he surveys 
the social implications and historical de- 
velopment of a science. There then 
follow eighteen lectures which show how 
the fields of feedback control theory, in- 
strumentation, analogue and digital com- 
putation and data processing are now 
becoming integrated as automation is 
applied on a broad scale to control sys- 
tems that cover the range from top 
management down to industrial machines. 

There are separate lectures which 
specialize on industrial process controls, 
on digital computers, and on analogue 
computers, thereby giving a clear idea of 
the differences in the requirements and 
the functions of the equipment normally 


612 


covered by these terms. 
the equipment in complex systems, it js 
necessary to have further devices which 
can convert from one type of presenta. 


In order to ug 


tion to another. There are, therefore 
lectures describing these devices under 
headings such as Analogue-to-Digita| 
Conversion Units. 

The first half of the book contains |ec. 
tures on the general theory of all these 
systems: the second half is composed of 
lectures which give an immense amount 
of factual information on applications jp 
different fields. An example of this js 4 
detailed lecture on the automatic contro} 
of flight of aircraft and guided missiles, 
which is followed by one on the auto- 
matic production of electronic equipment 
which is of very definite interest to most 
electronic engineers. 

Automatic process control equipment 
in the petroleum and chemical industries 
is given a special lecture with again, de- 
tails of equipment employed, while other 
lectures describe analogue computers used 
for industrial control systems. 

The book finishes with lectures on the 
control of machine tools by a combina- 
tion of servo mechanisms and digital 
equipments, as well as three general lec- 
tures on automation, delving into both 
the general economics and the future of 
such equipment. 

The book as a whole is certainly an 
invaluable document for any electronic 
engineer interested in the general field 
now covered by the term “ Automation.” 
It covers the field more adequately than 
any other book on the market at the 
moment: although it is rather expensive, 
it is very nicely produced. 


J. R. Bounpy 


Dry-Battery Receivers with 
Miniature Valves 


By E. Rodenhuis. 242 pp. 248 figs. Demy 8vo. 
Philips Technical Library, Holland. Cleaver- 
Hume Press Ltd, London, 1957. Price 32s. 64. 


HIS book deals with the home con- 

struction of modern battery receivers 
and will be of considerable interest to 
the service engineer and amateur. 

One chapter has been devoted exclu- 
sively to the question of current supply. 
The following pages also contain com- 
plete valve data and characteristics of 
miniature valves for dry-battery opera- 
tion, and eight suitable circuits are given, 
including a.m./f.m. designs and push- 
pull output stages. 


F.M. Radio Servicing Handbook 


By Gordon J. King. 192 pp. 100 figs. Demy 8vo. 
Odhams Press Ltd. 1957. Price 25s. 


HIS handbook has teen written with 

the aim of providing this theoretical 
and practical knowledge in a form help- 
ful to all concerned with service work. 
The book is intended not only for the 
professional service engineer but also for 
the amateur enthusiast interested in the 
construction of f.m. equipment and for 
radio students. The style is straight- 
forward and, as far as possible, non- 
mathematical. 
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Progress in Semiconductors 
Volume 2 


Edited by A. F. Gibson, P. Aigrain and R. E. 
Burgess, 277 pp. 70 figs. Demy 8vo. Heywood 
& Co. Ltd. 1957. Price 63s. 

HIS is the second annual volume of 

review articles on selected topics, by 
specialists in the semiconductor field. 
Eight subjects are treated in this volume. 
The first | article — Semiconductor 
Alloys — deals with disordered crystals 
of the solid substitutional type. It is 
mainly theoretical, but where compari- 
sons with experiment are possible, 
emphasis is placed on the binary Ge-Si 
system, because the basic properties of 
the constituents are reasonably-well 
understood. The subsequent article -- 
Properties of Ill-V Compound Semi- 
conductors—is a well-balanced presenta- 
tion of the preparation, properties and 
applications of the nine ordered com- 
pounds, which may be made by combin- 
ing in stoichiometric proportions one 
element from each of the groups Al, Ga, 
In and P, As, Sb. In Radiation Effects in 
Semiconductors the main concern is the 
Frenkel type of defect (interstitial atom 
plus vacancy), with particular reference 
to experimental results for germanium 
and silicon. There are errors in the cap- 
tions to figures (6) and (12) of this 
article. A clear physical p:cture of the 
processes of recombination and trapping 
is given in terms of a general model in 
Lifetime of Free Electrons and Holes in 
Solids. The special cases of phosphors, 
transistor materials and insulators are 
subsequently considered. The advantages 
of horizontal growing are discussed ‘n 
The Production of High-Quality Ger- 
manium Single Crystals. A low density of 
dislocations is a particular feature of this 
method. Comprehensive coverage of the 
effects of a wide range of both substi- 
tutional and interstitial chemical impuri- 
ties on the properties of germanium is 
presented in Impurities in Germanium. 
The article High Electric Field Effects in 
Semiconductors which is illustrated by 
experimental results relating to ger- 
manium and silicon, draws attention to 
the discrepancy between the observed 
and theoretically-expected energy loss of 
high-energy carriers to the lattice vibra- 
tions. Consideration is given to the 
effects of avalanche multiplication of 
carriers on device properties. Finally the 
relative merits of the divergent Thories 
of Electroluminescence, which are based 
on the impact-acceleration mechanism, 
are considered. 

The book is a valuable addition to 
semiconductor literature. The presenta- 
tion is such as to appeal most readily to 
the research physicist. If more emphasis 
were placed on the applicat‘on of theories 
and basic properties to the performance of 
devices, wherever possible, the series 
would no doubt reach a wider audience. 
Further, as an aid to the scientist who does 
not even have the time to read review 
articles fully, the uniform inclusion of a 
“Conclusions” section would te a great 
help. 


F. J. Hype 
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Polythene: The Technology and 
Uses of Ethylene Polymers 
Py A. Renfrew and —., ry ye A+ 4 


plates. Royal 8vo. 
Price 126s. 


b hrwg book has been compiled under 
the joint general editorship of Mr. 
A. Renfrew, Director of the I.C.I. Plas- 
tics Division and Mr. Phillip Morgan, 
Editor of British Plastics. Thirty-eight 
specialists, drawn from Great Britain and 
the United States, have contributed to 
its 32 chapters. 

The chapters are grouped under three 
main headings: Manufacture and Pro- 
perties; Processing Techniques; and 
Applications. The last section contains 
chapters on future trends. 

The book is intended to serve as an 
authoritative text for technologists not 
only in the plastics industry but in those 
many other industries where polythene is 
used in considerable quantities. 


Transistor A.F. Amplifiers 


By D. D. Jones and R. A. Hilbourne. 152 pp. 
94 figs. Demy 8vo. Iliffe & Sons Ltd. 1957. 
Price 21s. 

HIS book deals with the design of 

transistor audio-frequency amplifiers, 
and gives the circuit and design details 
of a versatile range of amplifiers, includ- 
ing those for h.f. reproduction and pub- 
lic address systems with undistorted 
outputs up to 20W. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


VALVE PROTECTING TIMER 


(Illustrated below) 


Venner Ltd, Kingston By-Pass, New Malden, 
Surrey 


ENNER Limited have introduced a 

delayed reset timer, type TDR/S/ 
P635, designed for the protection of 
thermionic valves in transmitting, receiv- 
ing and control equipment. 

After the initial switch on, the timer 
operates as a standard delay relay. This 
ensures that the h.t. voltage is not con- 
nected until the filaments are warmed up. 
Upon switching off, the timer resets to 
zero at a delayed rate controlled by an 
escapement. This delayed reset feature 
prevents the full initial delay period hav- 
ing to be completed after a supply inter- 
ruption of a shorter duration than the 
normal warm up time. 

The reset time can be either the same 
as the initial delay period or set for 
some proportion of this period, e.g. a 
5 minute delay time, 2} minute reset 





time. The unit can therefore be cali- 
brated for the cooling characteristic of 
the equipment under control. A further 
feature is that the time contacts can be 
arranged to stay closed during very brief 
supply interruptions of less than say 10 
seconds duration, opening only when the 
relay is de-energized for longer than this 
period. 

The timer is fitted in a steel container 
measuring 8in by 4}in by 34in with con- 
nexions brought out to sealed terminals. 
Its operating temperature range is —40°C. 
to —70°C. 


UNIVERSAL BRIDGE 
(Illustrated above right) 


Marconi Instruments Ltd, St. Albans, 


Hertfordshire 

ARCONI Instruments announce the 

introduction of a new version of the 
well-known Universal Bridge TF 868/1. 
While retaining all the advantages of the 
TF 868/1, the new instrument—Type TF 
868A—incorporates a bridge-volts moni- 
toring system. 

For inductance or capacitance measure- 
ments, the measuring bridge is energized 
by an a.c. voltage derived from a valve 
oscillator. If desired, this voltage can 
be set to a definite required value. For 
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accessories and test instruments. 





this purpose there is a continuously 
variable L & C bridge voltage control, 
an 0- to 10V auxiliary scale on the 
panel meter, and a read L & C bridge 


voltage switch. The inclusion of this 
new facilty is especially useful when 
measurements are being made on com- 
ponents such as iron-cored coils whose 
inductance is a function of exciting 
current. 

The Marconi TF 868A _ Universal 
Bridge measures values of inductance 
from iyH to 100H, capacitance from 
IpF to 100uF and resistance from 0-O 
to 10MQ). Inductance or capacitance 
measurements can be made at either 1 
or 10kc/s; resistance measurements are 
made at d.c. The instrument is a com- 
plete and comprehensive measurement 
system. Bridge networks, precision stan- 
dards, a.c. and d.c. bridge supplies, an 
amplifier-detector for a.c. balance deter- 
mination, a centre-zero galvanometer for 
d.c.—all are combined in one mains- 
operated functionally-designed instru- 
ment 


TRACE READING EQUIPMENT 


(Illustrated below) 


Southern Instruments Ltd, Frimby Road, 
‘amberley, Surrey 


_ is an entirely new trace reading 
equipment for the analysis and reduc- 
tion of analogue trace records to digital 
form. Film or paper charts up to six 
inches in width are dealt with, the 
equipment incorporating such desirable 
facilities as linear or non-linear calibra- 
tion and zero adjustment over the full 
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record width. In addition to producing 
a permanent digital record by type- 
writer, tape or card punch a “quick 
look” facility is provided in the form 
of a 4 digit visual display. Existing users 
of the earlier K1015 trace reader with 
fixed scale read out may now easily 
convert to the new system and enjoy 
the added facilities. 


MULTI-TAP LINEAR 
POTENTIOMETER 


(Illustrated below) 


The General Electric Co. Ltd, Magnet House, 
Kingsway, London, W.C.2 
NEW precision linear potentiometer 
which can be readily adapted to 
provide a wide range of non-linear func- 
tions has been developed by Salford 
Electrical Instruments Ltd, an associate 
of the G.E.C. 





Primarily a linear potentiometer with 
an electrical angle of 340°, the w.nding is 
tapped at 10° intervals and the con- 
nexions taken to turret-type terminals 
spaced around the potentiometer body. 
It is particularly suitable for producing 
non-linear functions by connecting shunt 
resistors across sections of the winding. 
The large number of taps enables a 
wide range of functions to be accurately 
reproduced. 

In equipment such as flight simulators 
where a large number of different func- 
tions is required, the replacement of 
faulty potentiometers of the shaped card 
type becomes a problem. Each of the 
many different types of functional poten- 
tiometers required must always be avail- 
able. The new multi-tap potentiometer, 
however, can be carried in stock as a 
standard unit and adapted to suit the 
particular needs as required. 

An additional advantage of the use of 
the multi-tap potentiometer arises in the 
laboratory where non-linear functions 
can be rapidly produced and modified 
at will. 

Of robust construction and low start- 
ing torque the potentiometer can be sup- 
plied in a range of resistance values from 
1kQ to 100k. 
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PORTABLE TRANSISTORIZED 
COUNTER 
(Illustrated above) 

P.A.M. Ltd, Merrow, Guildford, Surrey 

HIS battery operated portable tran- 

sistorized counter has been designed 
for counting small production quantities 
at a maximum rate of four per second. 
It has a built-in photo-electric cell, or 
alternative remote photo-electric cell 
probe. The battery life gives 250000 
continuous counting operations. The 
casting is strongly constructed of ham- 
mered finished steel. The dimensions are: 
4tin by 3}in by 1{in. 


PROCESS TIMER 
(Illustrated below) 
D. Robinson & Co., 58 Oaks Avenue, 
Worcester Park, Surrey 
NEW self-resetting synchronous timer 
has just been added to the Rodene 
range. It is designed for through panel 
mounting and, except for a small steady- 
ing screw, is one-hole fixing. 

It employs the instant-start, self-clutch- 
ing Rodene timer motor which makes 
possible the simple method of operation 
shown in the adjoining cut-away view of 
the new unit. 

The spring marked E normally holds 
the arm A against the stop C which is 
positioned by the control knob. The in- 
stant the timer is switched on the arm 
begins moving counter-clockwise, the 
gearing in the motor being such that it 
takes the time indicated on the dial to 
reach the “O” position where it depresses 
the actuator D of a heavy duty micro- 
switch. 

If the motor is now left energized it 
will come to a standstill, but will hold 
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the switch operated. When the motor is 
switched off its integral clutch opens allow- 
ing the spring to reset the switch imme- 
diately and restore the arm to its normal 
position against the stop ready for the 
next cycle. 

There are four standard models, pro- 
viding ranges of 0 to 15sec; 0 to 60 sec: 
0 to Smin; and 0 to 10min. Due to the 
low stalled current and torque the first 
two models can be left ‘timed out’ with 
the switch actuated for as long as re- 
quired. 

The two larger period models each 
have a built-in relay arranged to reset 
the mechanism at the end of the 
timed period and to hold a _ contact 
operated during the ‘timed out’ period 
thus providing effectively the same action. 

Behind-panel dimensions of the 
‘seconds’ timers are only 34in high by 
3in wide by 3in deep. The ‘minutes’ 
models are 34in by 3in by Sin deep. The 
output switch has changeover action and 
is rated at 3A at 450V a.c. and SA at 
250V a.c. Motors are wound for most 
standard voltages and frequencies. 

Accuracy is high as the special motor 
always reaches synchronous speed in 
about two cycles. 





PRESSURE SWITCHES 


(Illustrated above) 
Londex Ltd, Anerley Works, 207 Anerley Road, 
London, S.E.20 

HERE are two new additions to the 

range of Londex pressure switches; 
these are the types POS and PS/P. 

The POS switch operates on extremely 
low pressures, it can be used for a 
variety of applications—if coupled to a 
rubber tube it can be used as a limit 
switch, for vehicle counting, as an 
alarm device to give warning of persons 
entering or leaving premises, or for door 
opening control. 

This switch will operate on pressures 
between 4in and 3in w.g., with a reset 
differential of tin w.g. The .single-pole 
changeover contacts are rated at 2A at 
440V a.c. 

The PS/P switch is designed for opera- 
tion on oil hydraulic systems, the build- 
up of the switch being similar to the 
other standard switches but utilizing a 
piston as the pressure sensitive element 
instead of bellows. 

This type of switch is available for 
operation in the range of 50 to 5 000Ib/ 
in? with a reset differential between 15 
and 300Ib/in’. 

The type PS/P is illustrated on the 
left and the POS on the right. 
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MINIATURE INSULATORS AND 
TERMINALS 
(llustrated above) 


Horwin Engineers Ltd., 101-105 Nibthwaite 
Road, Harrow, Middlesex. 


HE W.8003 is a miniature stand-off 

insulator. Standing only jin high it 
is moulded in Alkyd and is for 1IkV 
working. Alternative bases with either a 
single or double top, solder dipped for 
easy soldering, can be supplied. 

The ‘Forway’ terminal is in IC.I. 
Alkathene and available in a range of 
five distinctive colours. It will accept 
standard ‘ Banana’ plugs, taper pin con- 
nectors, spade lugs, solder tags, or bare 
wires and is suitable for currents up to 
10A. 


UNIT CONSTRUCTION RESISTORS 
Radiospares Ltd, Maple Street, London, W.1 
l_ unit construction resistors are 

designed primarily for use as mains 
dropping resistors in radio and television 
receivers, the units teing constructed so 
that any required number can te mounted 
together on a suitable length of 2 B.A. 
studding. The windings are _ totally 
enclosed in a round ceramic body, cement 
sealed. The units are available in 10W 
and 20W sizes in a range of values 
tetween 72 and 4702. 


MINIATURE TOGGLE SWITCH 


(illustrated below) 


Arcolectric (Switches) Ltd, Central Avenue, 
lest Molesey, Surrey 


HIS switch type S.254, is rated 10A, 

250V a.c. only. It is double pole on- 
off. Features of the design are long life 

it has been type tested on its full 
rated load to a quarter of a million 
operations—small size—it is an excep- 
tionally compact double pole 10A switch 
with readily accessible screw terminals. 

The switch has a positive snap action 
and is designed on the micro gap prin- 
ciple with fine silver contacts. 
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Short News Items 


The Sixth Annual Convention of the 
Scientific Instrument Manufacturers’ 
Association has maintained the usual 
high attendance, when over 240 people 
assembled at Eastbourne representing a 
comprehensive cross-section of the 
scientific instrument industry. The Con- 
vention, “Enterprise 1958,” was opened 
on 25 October by the Marquess of Exeter, 
Chairman of A. C. Cossor Ltd. The theme 
of the Convention looked to the future, 
particularly to the context of the British 
industry in the European Free Trade 
Area. Four discussion panels covered the 
following subjects:— European Free 
Trade—A Challenge, Chairman: Mr. 
J. E. C. Bailey, C.B.E. (Baird & Tatlock 
(London}Ltd); Presentation and Publicity. 
Chairman: Mr. A. G. Peacock (Mervyn 
Instruments); Methods and Materials for 
Tomorrow, Chairman: Mr. M. G. D. 
Curties (C. Baker of Holborn Ltd); 
Nucleonics and The Nuclear Industry— 
Instruments for Reactors and Safety, 
Chairman: Mr. H. A. Luss (Isotope 
Developments Ltd). 


A new Research Establishment for the 
Research Division of Powers Samas 
Accounting Machines Ltd has recently 
been opened by Viscount Knollys. Situ- 
ated at Whyteleafe, Surrey, the new build- 
ings cover 50 000ft? on a site of three 
acres, and accommodate the laboratories, 
workshops, drawing office and adminis- 
trative offices. The Company’s Research 
Division comprises five technological 
branches: Research and Development, 
Design, Workshops, Product Improvement, 
Automatic Recording and Control. These 
divisions are served by a Technical Infor- 
mation Services Section covering library, 
patents and technical writing. Among the 
latest developments of the Company are 
the electronic computer (Empe), the Pro- 
gramme Controlled Computer (P.C.C.) 
and the “ Samastronic”” tabulator. The 
latter employs an oscillating stylus and is 
capable of printing characters at a speed 
of 42 000 characters a minute. 


The scope of the facilities of the Mul- 
lard Research Laboratories at Salfords, 
Surrey, has been increased by the open- 
ing of extensive new buildings. These 
were made necessary by the growing de- 
mands being made on the Laboratories, 
not only by the various divisions of the 
Company, but also by Government De- 
partments. The main addition is a two- 
storey laboratory building flanked by a 
four-storey office block, providing a total 
of 28000ft? of floor space. Of this. 
the Laboratories proper occupy some 
18 0O0Oft? and the remainder is in use 
as offices and a large technical library. 
Total staff now numbers about 700, of 
whom 175 are graduate physicists or 
engineers. 


ELECTRONIC ENGINEERING 


The BBC has awarded two research 
scholarships, valued at £435 per annum, 
to university graduates in Electrical 
Engineering, giving them the opportunity 
to work for a higher degree at any 
university in the United Kingdom. The 
first is to Mr. J. B. Izatt, who graduated 
at Aberdeen University with a Ist Class 
Honours Degree in Electrical Engineering. 
Aberdeen University engineering students 
attend the electrical engineering labora- 
tories at Robert Gordon’s Technical 
College and Mr. Izatt will conduct his 
researches there under the guidance of 
Dr. E. Wilkinson and Mr. A. M. Hardie. 
The second scholarship has _ been 
awarded to Mr. W. A. G. Voss who 
graduated at Queen Mary College, 
University of London with a 2nd Class 
Honours Degree in Electrical Engineer- 
ing. Mr. Voss will conduct his researches 
in the Department of Electrical Engineer- 
ing at Queen Mary College, London, 
under the guidance of Professor M. W. 
Humphrey Davies. The _ scholarships, 
which are awarded annually are for two 
years in the first instance with the possi- 
bility of extension in suitable cases, if 
necessary. The scholarships are limited to 
male British subjects normally resident 
in the United Kingdom and the only con- 
dition applying to the subject for research 
is that it must be in those fields of tele- 
communications or physics which have 
an application to sound or television 
broadcasting. 


The Radio Industry Council has an- 
nounced that the 25th National Radio 
and Television Exhibition will be held at 
Earls Court, London, from 27 August to 
6 September, 1958. 





BINDING OF VOLUMES 


Arrangements are now in hand for binding 

the 1957 volume at an inclusive charge of 25s. 

Copies will be bound, complete with index and 

with advertising pages removed, in a go 

quality red cloth covered case blocked in gold 
on the spine. 

Home and Overseas readers who wish to have 

their copies bound are asked to comply with 

the following instructions ;— 

(1) Tie the twelve issues (January to 
December, 1957) securely together before 
parcelling. 

(2) Enclose a remittance for 25s. and a 
gummed label bearing the sender’s name 
and address. (A cheque or Postal Order 
should be made payable to Morgan Bros. 
(Publishers) Ltd.). 

(3) Enclose the copies, remittance and label 
in a closed parcel and address to:— 
The Circulation Dept. (E.E. Binding), 
28, Essex Street, Strand, London, W.C.2. 

(No other correspondence is necessary.) 


x * x * 

The following are also available from our 

Circulation Dept. ;— 

A limited number of Bound Volumes for 1956. 
Price £3 post free. 

Complete Bound Volumes for 1957 will also 
be available. Price £3, post free. 

Binding Cases for twelve issues. Price 7s. 6d. 
postage 6d. 

The Index for Volume 29 (1957) free. 
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The Radio Communication and Elec. 
tronic Engineering Association, twenty- 
one of whose members exhibited in the 
first Instruments, Electronics and Auto- 
mation Exhibition last May, has 
announced that it has become one of the 
sponsoring associations for the coming 
exhibition to be held at Olympia from 
16-25 April next. Other sponsoring bodies 
are the British Electrical and Allied 
Manufacturers’ Association, the British 
Industrial Measuring and Control 
Apparatus Manufacturers’ Association, 
the British Lampblown Scientific Glass- 
ware Manufacturers’ Association, the 
Drawing Office Material Manufacturers’ 
and Dealers’ Association, the Scientific 
Instrument Manufacturers’ Association of 
Great Britain. 


Three new chairs have been created at 
the Royal Military College of Science, 
Shrivenham, and the following appoint- 
ments have been made. Dr. A. 
Charlesby, Professor of Physics; Mr. 
A. D. S. Carter, Professor of Mechanical 
Engineering; Mr. Alan Lee, Professor of 
Electrical Engineering (Radar and Tele- 
communications). Three new members of 
the Advisory Council, which advises the 
War Office on matters of policy 
connected with the College have been 
appointed in place of members whose 
term of office has expired. They are: 
Professor J. Diamond of Manchester 
University; Professor M. H. L. Pryce, 
F.R.S., of the H. O. Wills Physical 
Laboratory, Bristol; and Dr. R. P. Bell. 
F.R.S., of Balliol College, Oxford. 


Scandinavia’s biggest electronic com- 
puter and data processing machine, the 
Atvidaberg Facit EDB, has just been 
completed. It has teen built by a team 
of mathematicians and engineers headed 
by Mr. Erik Stemme, who before joining 
the Atvidaberg electronics department iast 
year was also responsible for the construc- 
tion of the Swedish Government’s BESK 
electronic computer. An improved ver- 
sion of BESK, the Facit EDB can perform 
23 000 additions or 3600 multiplications 
of 12-digit decimal numbers per second. 
Programmes fed into the machines are 
stored in a fast ferrite memory with a 
capacity of 2048 12-digit decimal 
numbers. In addition, there is a magnetic 
drum memory with a storage capacity 
of 8192 12-digit decimal numbers. The 
unit has over 2000 electronic valves plus 
transistors. The power consumption is 
17kW. The Facit EDB will form the 
nucleus of Atvidaberg’s data processing 
centre, the services of which will be avail- 
able for Swedish business enterprises, 
scientific institutions, governmental and 
municipal authorities, etc, both on a con- 
tract basis and for temporary assignments. 
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A further Elliott G-PAC General Pur- 
Analogue Computer has been de- 
livered, this time to the Northampton 
College of Advanced Technology in 
London, where it is to be operated by the 
Mathematics Department, mainly for 
the training of students in the use of 
Analogue computing techniques in 
applied mathematics. Other departments 
of the College will also use the Computer 
for servo analyses and similar problems. 
In addition to the G-PAC certain ancil- 
lary equipment has been ordered by the 


College, including one of the latest 
Elliott High-Performance Servo-multi- 
plier Units and various Non-Linear 
Elements. 


The new Electronics Department of 
Bruce Peebles & Co Ltd at 37 Inverleith 
Place, Edinburgh, was recently officially 
opened by The Rt. Hon. Thomas 
Johnson, C.H., LL.D., Chairman of the 
North of Scotland Hydro-Electric Board 
and Former Secretary of State for 
Scotland. 


The Automatic Telephone & Electric 
Co Ltd have been awarded two import- 
ant contracts in connexion with the 
extensive trunk telephone modernization 
programme now being undertaken by the 
New Zealand Posts and Telegraphs 
Department. The first calls for the pro- 
vision of a coaxial carrier system, capable 
of carrying many hundreds of telephone 
circuits, to link the important North 
Island centres of Wellington and 
Palmerston North. Seventeen unattended 
repeater stations will be employed along 
the 95 mile route separating the two 
cities, which in the past have been served 
by carrier systems on overhead wires. At 
present A.T.E. are engaged in the manu- 
facture and installation of a similar 
coaxial link between Auckland and Hami!- 
ton, which when completed will be the 
first of its kind in the Dominion. Both links 
will cater initially for between 240 and 300 
high grade telephone circuits, with an 
ultimate capacity of 960 circuits. The 
second order is for the Company’s latest 
channelling equipment for use in con- 
junction with a microwave radio link 
between Palmerston North and Hamilton. 


The Ministry of Transport and Civil 
Aviation have announced that a radar 
observer course leading to the issue of a 
Certificate of Proficiency as Radar 
Observer in a form approved by the 
Ministry, is now available at the School 
of Navigation, Royal College of Science 
and Technology, Glasgow. 


The journals Optica Acta and Acta 
Electronica have undertaken the joint 
Publication of the full proceedings 
(invited lectures and communications, 
mostly in English) of the International 
Symposium on the Physical Problems of 
Colour Television, held in Paris last 
July. The number of copies available to 
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non-subscribers to either journal will be 
limited; the size of the volume will be 
400 pages with more than 450 illustra- 
tions. Advance subscriptions, should be 
sent to Optica Acta, 3 boulevard Pasteur, 
Paris 15eme, or Acta Electronica, 23 ruc 
du Retrait, Paris xx°, before 1 January. 
(Price, post paid, Fr. 4,000, $10 or £4). 


Winston Electronics Ltd, of Shepper- 
ton, Middlesex, have been appointed sole 
United Kingdom agents for a number of 
industrial electronic control instruments 
manufactured by Beckman Instruments, 
Munich, and Beckman Instruments Inc, 
Fullerton, California. The instruments 
have applications to gas and air compres- 
sors, coils and valves, refrigeration, the 
manufacture of electronic components, 
transformer casings, glass-metal seals, 
the television, valve and radar industries 
and manufacturers of electronic equip- 
ment, and in the engineering, gas and 
fluid handling and transport, aircraft and 
metallurgical industries. 


Marconi’s Wireless Telegraph Co Ltd 
have recently received orders from 
Venezuela for a complete Band 3 televi- 
sion station and one for a medium-fre- 
quency sound broadcasting transmitter. 
Other Marconi orders in South America 
have included a £1 000 000 telecommuni- 
cations contract in Ecuador, a_high- 
power broadcasting station in Argentina. 
another complete television installation in 
Venezuela, radar and r.t. installations for 
the Venezuelan and Chilean Navies and 
a considerable quantity of air radio 
equipment. 


The Ministry of Supply mentions 
that high power radar equipment has 
been installed in the 45ft diameter radio 
telescope at the Royal Radar Establish- 
ment, Malvern to make radar observa- 
tions of the Russian satellite and its 
rocket. 


Pye Ltd have recently despatched a 
special Three Channel Recording Ther- 
mometer to St. Erik’s Hospital, Stock- 
holm. This is the first ordered by a 
foreign hospital for use in temperature 
investigations during hypothermia in 
man (low temperature surgery). 


The Plessey Co Ltd announce the 
formation of a subsidiary company, 
Rosite Ltd, which will produce at its 
Swindon factory a wide range of cold 
moulded plastics for use in the electrical 
industry. By the terms of an agreement 
recently made with Rostone Corpora- 
tion, Lafayette, Indiana, U.S.A. Rosite 
Ltd will manufacture a range of cold 
moulded plastics similar to that developed 
by the American company. 


Alma Components Ltd are moving 
their works and offices from 165 
Ossulston Street, London, N.W.1. to 
larger premises at 551 Holloway Road, 
London, N.19. Telephone Archway 
0014/5. 


Dr. James Reekie has been appointed 
Chief Engineer to Semiconductors Ltd, 
Ilford, Essex. For the last twelve years 
Dr. Reekie has been in Canada, where he 
was Professor of Physics at the Royal 
Military College of Canada. Prior to 
joining Semiconductors Ltd, he was 
Research Director in semiconductors and 
solid state physics for the Northern 
Electric Company, Mentreal. 


Semiconductors Ltd have announced 
the construction of a specially designed 
factory on the Cheney Manor Estate, 
Swindon, solely for the production of 
transistors. Production at the new fac- 
tory is expected to start during 1958 with 
the manufacture of the high frequency 
Surface Barrier and Micro-Alloy types 
of transistors for military and other 
specialist applications currently made by 
the Lansdale Tube Co, U.S.A. Transis- 
tors in this range provide useful ampli- 
fier service up to 40Mc/s and can be 
employed for switching at rates in excess 
of 20Mc/s. 


The merger of Elliott Brothers (Lon- 
don) Ltd and Associated Automation Ltd 
has now been accomplished. The linking 
of the two Companies and their sub- 
sidiaries forms the largest automation 
and instrumentation organization’ in 
Europe. Elliott-Automation brings under 
one control the design, manufacture and 
distribution of a very wide range of elec- 
tronic, electrical, pneumatic, hydraulic 
and mechanical equipment, and experi- 
ence in its application. 


The Fourth National Symposium on 
Reliability and Quality Control will be 
held from 6-8 January, 1958, at the 
Statler Hotel, Washington, D.C. The 
Symposium will include some 45 papers 
by leading authorities and there will also 
be nine outside tours. In a period of 
four years, the symposium has gained 
acceptance as a primary forum for all 
concerned with reliability. Further in- 
quiries can be made to Mr. W. H. Rom- 
bach, Chief Quality Control Engineer, 
Philco Corporation, 4700 Wissahickon 
Avenue, Philadelphia 44, Pa. U.S.A. 


Aerialite Ltd have celebrated their 
silver jubilee this year. During the 
twenty-five years since its inauguration, 
the Aerialite Group of Companies has 
established a world-wide reputation in 
many branches of the electrical trade. 


Bribond Ltd is the new name for 
Brighton Industries Ltd, one of the 
Ayling Industries Group companies, and 
the address is now Burgess Hill, Sussex, 
Telephone Burgess Hill 85611. 


Erratum. On page 469 of the October 
issue, in the article entitled, “The 
Calibration of Vibration Pick-ups,” by 
K. C. Foster, the formula embracing 
acceleration should read 

a af? (A/2) 

32-2 (ft) or 981 (cm) 
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Meetings this Month 


THE BRITISH COMPUTER SOCIETY 


Date: 16 December. Time: 6.15 p.m 

Held at: Northampton College of Advanced 
Technology, London, E.C.1. 

Lecture: Parallel Programming: a study of a new 


technique in digital computer programming. 
By: S. Gill. 


THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 


Date: 18 December. Time: 6.30 p.m. 

Held at: The London School.of Hygiene and 
Tropical wen Keppel Street, Gower Street, 
London, W.C.1 

Lecture: ' Recent. 
Instrument Design. 


Developments in Electronic 


By: E. Gesttrwale and A. G. Wray. 
North Western Section 
Date: 12 December. Time: 6.30 p.m 
Held at: Reynolds Hall, College of Technology, 
Sackville Street, Manchester, 1. 
Lecture: Process Heating. 
By: M. O. C. Horgan. 
North Eastern Section 
Date: 11 December. Time: 6 p.m. 
Held at: The Institution of Mining and Mechani- 
cal Engineers, Neville Hall, Westgate Road, 


Newcastle-upon-Tyne. 
Lecture: Stereophonic Sound and Tape Recorders. 
By: D. H. McBean. 
South Wales Section 

Date: 4 December. Time: 6.30 p.m. 
Held at: Cardiff College of Technology 
Commerce, Cathays Park, Cardiff. 
Lecture: Demonstrations on Aerial 
y: H. V. Sims. 


THE BRITISH SOUND RECORDING 
ASSOCIATION 


and 


Circuits. 


Date: 20 December. Time: 7.15 p.m. 

Held at: The Royal Society of Arts, John Adam 
Street, Adelphi, London, ; 

Lecture: Lightweight Pick-up a. 

By: Stanley Kelly. 


THE INSTITUTION OF 
ELECTRICAL ENGINEERS 


All London meetings. unless otherwise stated, will 


be held at the Institution, commencing at 
5.30 p.m. 
Ordinary Meeting 
Date: 5 December. 
Lecture: Advanced Types of Power Reactors. 
By: J. V. Dunworth. 
Informal Meeting 
Date: 9 December. 


Discussion: Where Should Research End and 
Development Start ? 
Opened by: K. J. R. Wilkinson. 


Radio and Telecommunication Section 


Date: 11 December. 

Lecture: A Flying-Spot Film Scanner for Colour 
Television. 

By: H. E. Holman, G. C. Newton and S. F. 
Quinn. 

Date: 16 December. 

Informal Evening on: Electronics and Auto- 
mation—Electronics in the Textile Industry. 

Talk by: K. J. Butler. 

Joint Meeting 

Date: 17 December. 

Held at: The Institution of Civil Engineers, Great 
George Street, Westminster, S.W. 

Lecture: The Engineer and Management. 

By: Sir Ewart Smith. 


(Joint meeting with The Institutions of Civil and 
of Mechanical Engineers. 


Measurement and Control Section 
Date: 17 December. 
Lecture: Recent Uses of Ultrasonics in Investi- 


gating the Characteristics of 


Materials. 
By: J. Lamb. 


Cambridge Radio and Telecommunication Group 


Date: 3 December. Time: 8 p.m. 

Held at: The Cavendish Laboratory, Free School 
Lane, Cambridge. 

Lecture: The Mullard Radio Astronomy Obser- 
vatory. 

By: M. Ryle. 

North Eastern Radio and Measurements Group 

Date: 2 December. Time: 6.15 p.m. 

Held at: King’s College, Newcastle- upon-Tyne. 

Lecture: Recent Uses of Ultrasonics in Investi- 


gating the Characteristics of Materials. 
By Lamb. 


ELECTRONIC ENGINEERING 


North Midland Centre 


Date: 3 December. Time: 6.30 p.m. | 
Held at: The Offices of the Central Electricity 
Authority, Yorkshire Division, 1 Whitehall 


Road, Leeds. 

Informal Evening on: 
Radio and Television. 

Talks by: A. J. Biggs and E. Wolfendale. 

North-Western Centre 

Date: 3 December. Time: 6.15 p.m. 

Held at: The Engineers’ Club, 17 Albert Square, 
Manchester. 

Lecture: Cathodic Protection. 

By: L. B. Hobgen, A. Spencer and P. W. 
Heselgrave. 

North Scotland Sub-Centre 

Date: 12 December. Time: 7 p.m. 

Held at: The Electrical Engineering Department, 
Queen’s College, Dundee. 

Lecture: Choice of Insulation and Surge Protec- 
tion of Overhead Transmission Lines of 33kV 
and Above. 

By: A. Morris Thomas and D. F. Oakeshott. 


The Use of Transistors in 


Date: 13 December. Time: 7.30 p.m. 
Held at: Robert Gordon's Technical College, 
Aberdeen. 


Repeat of above lecture. 


South-East Scotland ots aed 


Date: 3 December. Time: 7 


p.n 
Held at: The Carlton Hotel, North. ’ Bridge, 
Edinburgh. 
The Forty-Eighth Kelvin’ Lecture: Infra-Red 
Radiation. 
By: G. B. B. M. Sutherland. 
Date: 17 December. (Time and place as above). 
Lecture: Ship Stabilization, Automatic Controls, 
Computed and in Practice. 
By: J. Bell. 
South-West Scotland Sub-Centre 
Date: 10 December. Time: 7 p.m. 
Held at: The Institution of Engineers and Ship- 
builders, 39 Elmbank Crescent, Glasgow, C.2. 
Informal Evening on: Electronics and Auto- 
mation, Some Industrial Applications. 
Talk by: H. A. Thomas. 
South Midland Centre 
Date: 2 December. Time: 6 p.m. 
Held at: The James Watt Memorial Institute, 
Great Charles Street, Birmingham. 
Lecture: Electronic Control of Machine Tools. 
By: D. T. N. Williamson. 
North Staffordshire Sub-Centre 
Date: 9 December. Time: 7 p.m. 
Held at: The Town Hall, Hanley. 


Lecture: Cathodic Protection. 
By: L. B. Hogben, K. A. Spencer and P. W. 
Heselgrave. 
Western Centre 


Date: 9 December. Time: 6 p.m. 


Held at: The South Wales Institute of Engineers, 
Cardiff. 
Lecture: 138kV Submarine Power Cable intercon- 


nexion between the mainland of British Columbia 


and Vancouver Island. 

By: T. Ingledow, R. M. Fairfield, E. L. Davey 
and K. S. Brazier. 

South Western Sub-Centre 

Date: 5 December. ime: 3 p.m. 

Held at: The Electricity Showrooms, New George 
Street, Plymouth. 

Lecture: The B.B.C. Sound Broadcasting Service 
on Very High Frequencies. 

By: E. W. Hayes and H. Page. 

West Wales (Swansea) Sub-Centre 

Date: 12 December. Time: 6 p.m. 

Held at: The Conference Rooms, South Wales 
Electricity Board Showrooms, The Kingsway, 
Swansea. 

Lecture: Cathodic Protection. 

By: L. B. Hobgen, K. A. Spencer and P. W. 
Heselgrave. 

Maidstone District 
Date: 2 December. Time: 7 p.m. 
Held at: The Maidstone Technical College, Ton- 


bridge Road, Maidstone. 
Lecture: Some Medical 
Isotopes. 
By: E. H. Belcher. 


THE INSTITUTION OF POST OFFICE 
ELECTRICAL a 


Uses of Radio-Active 


Date: 2 December. Time: 5 

Held at: The Institution “+ Electrical "ieaineeee, 
Savoy Place, London, ; 

Lecture: Junction Sa ‘and their Appli- 


cation to Switching Circuits. 
By: R. V. Leedham. 


THE TELEVISION SOCIETY 
Date: 13 December. Time: 7 p.m. 
Held at: The Cinematograph Exhibitors’ Associa- 

tion, 164 Shaftesbury Avenue. London, W.C.2. 
Lecture: Dressing Television: Cabinet Design. 
By: L. J. Griffin. 
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PUBLICATIONS 
RECEIVED 


THE 1956-57 ANNUAL REPORT OF The 
BRITISH STANDARDS _ INSTITUTION ha 
recently been published. The isket covers 
Institution’s year from 1 April, 1956, to 31 Marge 
1957. British Standards Institution, British Stap. 
dards House, 2 Park Street, London, 
Price 7s. 6d. 


CONSERVATION OF NATURAL 


THE ie 
RESOURCES is the title of a book publish 7 


by The Institution of Civil Engineers. It contains 
seven lectures recently delivered at the Institution 
by men who have made a life study of this 
particular subject, and who view with alarm the 


rapid expenditure of resources such as metals, | 


land, and fresh water, which 
trialization is bringing about. The Institution of 
Civil Engineers, Great George Street, West. 
minster, London, S.W.1. Price 7s. 6d. to members 
and 17s. 6d. to the public. 


increasing indus. 


TELEVISION TRADE CATALOGUE, CON. 
SUMER _CATALOGUE, COMPREHENSIVE 
TRADE CATALOGUE and an AERIAL WALL 
CHART giving a comprehensive list of all tele. 
vision aerials, designed for easy reference, are 
recent publications of Aerialite Ltd, Castle 
Works, Stalybridge, Cheshire. 


FIRST TRANSATLANTIC TELEPHONE CABLE 
is the subject of a booklet issued by Submarine 
Cables Ltd, of Mercury House, Theobald’s Road, 
London, W.C.1. This is a company owned jointly 
by Siemens Edison Swan Ltd and The Telegraph 
Construction and Maintenance Co. Ltd. 


A SECOND SELECTION OF EQUIPMENT FOR 
THE LABORATORY by Kendall and Mousley, 


of 18 Melville Road, Edgbaston, Birmingham, 
16, has been published at a price of 2s. 64. 
The book is also available in Australia from 


Kendall and Mousley Ltd, 59 Scottish Avenue, 
South Road Park, South Australia. 


BRITISH NUCLEONIC INSTRUMENTS 1957 is 
a book which has recently been published by the 
Scientific Instrument Manufacturers’ Association 
of Great Britain Ltd, SIMA House, 20 Queen 
Anne Street, London, W.1. It is the fourth 
edition and describes the great majority of the 
instruments which are available from British firms, 


FERRITE MATERIALS is the title of a cata 
logue issued by Siemens & Halske, of Munich, 
for whom R. H. Cole (Overseas) Ltd, of 2 
Caxton Street, London, S.W.1, are agents for 
these materials in this country. 


THE PRACTICAL ELECTRICIAN S POCKET 
BOOK 1958, edited by Roy C. Norris, has 
recently been published. This is the sixtieth edition. 
Electrical and Radio Trading, 189 High Holborn, 
London, W.C.1. Price 5s. 


ASTRONIC is the title of a catalogue dealing with 


the small power amplifiers, transformers and 
chokes manufactured by Associated Electronic 
Engineers Ltd, Dalston Gardens, Stanmore 


Middlesex. 


NEWNES ELECTRICAL POCKET BOOK, 
edited by E. Molloy, fourteenth edition. This 
edition has been thoroughly revised so that the 
information given is in accordance with the 
requirements of the thirteenth edition of the 
1.E.E. Regulations for the Electrical Equipment 
of Buildings. In addition, there is a new Sec- 


tion, summarizing the regulations and giving use- 
ful tables on_ Cable Sizes, Diversity Factor, 
Capacity of Conduits and Fuse Wire Values. 


George Newnes Ltd, Tower House, Southampton 
Street, Strand, London, W.C.2. Price 10s. 6d. 


UNIVERSAL AND SPECIAL PURPOSE ELEC- 
TRONIC DIGITAL COMPUTERS is a leaflet 
which describes the DEUCE universal digital com- 


puter and also special purpose computers. The 
English Electric Co. Ltd, Queens House, Kings- 
way, London, W.C.2 
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CLASSIFIED ADVERTISEMENTS 


Lhe charge for these advertisements is 6d. per word. Minimum eharge |2/-. Box number 2/- extra, except in the case of adver 
Wanted,”” when it is free. Specially spaced advertisements per inch single column 42/6. A remi 


must pany the advertisement. 





i for ** Si 
Replies 





te Box Numbers should be addressed to : “* Electronic Engineering,’’ 28, Essex Street, Strand, London,W.C.2. Advertisements must be received 
before the |4th of the month for insertion in the following issue. 








OFFICIAL APPOINTMENTS 


CATIONS ARE INVITED for nsion- 
yn as Examiners in the Patent Sftice to 
undertake the official scientific, technical and 
legal work in connexion with Patent applications. 
Age at least 21 and under 35 years on Ist 
January, 1957, with extension for regular Forces 
service. Candidates must have (or obtain in 1957) 
ist or 2nd Class Honours in Physics, Organic or 
Inorganic Chemistry, Mechanical or Electrical 
Engineering or in Mathematics, or an ¢ uivalent 
qualification, or have achieved a_ professional 
qualification, e¢.g-, A.M.I.C.E., A.M.I.Mech.E.. 
AM.LE.E., A.R.I.C. For a limited number of 
vacancies candidates with Ist or 2nd _ Class 
Honours Degrees in other —— or 
otherwise—will be considered. Exceptionally can- 
didates otherwise qualified by high professional 
attainments will be considered. Starting pay for 
five-day week of 42 hours in London between 
£605 and £1,120 (men) according to st- 
graduate (or equivalent) experience and National 
Service. Maximum of scale £1,345. This salary 
scale is being increased by approximately 5 per 
cent. Women’s pay above £605 slightly lower but 
is being raised to reach equality with men’s in 
1961. Good prospects of promotion to Senior 
Examiner rising to £2,000 (under review) and 
reasonable expectation of further promotion to 
Principal Examiner. Application form and further 
particulars from Civil Service Commission, 
Scientific Branch, 30 Old Burlington Street, 
London, W.1, quoting S 128/57 and stating date 
of birth. Interview Boards will sit at intervals, 
as required. Early application is advised. W 2602 


AUSTRALIAN DEFENCE SCIENTIFIC SER- 
VICE. The Weapons Research Establishment, of 
the Research and Development Branch, Depart- 
ment of Supply invites applications for a posi- 
tion of Scientific Officer Grade 3 (temporary 
position No. 338) from Honours Graduates in 
Physical Science or with academic qualifications 
and research achievements considered the equiva- 
lent desirable. Several years’ appropriate experi- 
ence required. Salary: £1,718-£1,938 (Australian 
currency). Duties: Research and Development in 
the field of doppler radar and allied techniques 
associated with the testing and performance of 
guided missiles. Location: Salisbury, South 
Australia. Assistance will be given in obtaining 
housing accommodation. While the position is 
classified as temporary the tenure of employ- 
ment is not limited and after a specified period 
the appointee will be able to apply for entry to 
the Commonwealth Superannuation Scheme. First- 
class boat fare for the appointee and dependents 
(wife and dependent children) will be paid under 
specified conditions by the Commonwealth of 
Australia. Applications forms together with a des- 


criptive leaflet, obtainable from Senior Repre- 
sentative, (A.P.87), Department of _ Supply, 
Australia House, Strand, London, W.C.2, with 


whom application 


should be lodged by 15th 
December, 1957. W 2644 


BRISTOL MENTAL HOSPITAL MANAGE- 
MENT COMMITTEE. E.E.G. Recordist, Grade 
I or II according to experience, required at 
Barrow Hospital, Barrow Gurney, near Bristol. 
National scales and conditions. Board residence 


if required. Applications with names of two 
referees should be sent to Secretary, Bristol 
Mental Hospital, Fishponds, Bristol. W 2593 


COLLEGE OF TECHNOLOGY, BIRMINGHAM 
(Designated College of Advanced Technology), 
Department of Electrical Engineering. Applica- 
tions are invited from persons with high academic 
and/or professional qualifications and consider- 
able research experience for the newly created post 
of Reader in Electrical Engineering (Heavy Cur- 
rent). The post carries special responsibility for 
developing research and post-graduate courses and 
the new undergraduate sandwich course in Elec- 
trical Engineering. Teaching experience will be ad- 
vantageous. Special consideration will be given to 
applications which can involve secondment from 
industry or research associations for a period of 
three to five years. Salary in accordance with the 
Burnham (Further Education) Scale—({men) £1,550- 
£1,800. Further particulars and form of applica- 
tion may be obtained from the Registrar, College 
of Technology, Suffolk Street, Birmingham, 1, on 
receipt of stamped addressed foolscap envelope. 
Applications to be received within 18 days of this 
advertisement. K. R. Pilling, Clerk to the Govern- 
ing Body. W 2609 
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CITY OF BIRMINGHAM EDUCATION COM- 
MITTEE, Garretts Green Technical College, 
Garretts Green Lane. Birmingham, 33. Principal: 
B. C. Whitehouse, B.Sc., A.R.I.C. Applications 
are invited for the following full-time teaching 
post, Assistant, Grade A. Radio Service Work 
to Final Certificate standard. In assessing the 
initial salary, increments may be allowed for 
approved experience in Industry or Commerce, in 
addition to increments for training and Degree or 
Degree equivalent. Application forms and further 
particulars may be obtained from the Principal 
(stamped addressed envelope), to whom com- 
pleted forms should be returned as soon as pos- 
sible. E. L. Russell, Chief Education a 


COMMONWEALTH OF AUSTRALIA. Common- 
wealth Scientific and Industrial Research Organi- 
zation Division of Electrotechnology. Appoint- 
ment No. 760/88 of Research cer. Applications 
are invited for appointment to a position of 
Research Officer with the Organization’s Division 
of Electrotechnology, located at the National 
Standards Laboratory, in the grounds of the 
University of Sydney, New South Wales. The 
appointee will be required to undertake research 
and to develop techni and equip for 
establishing standards of electrical measurements 
at high frequencies. Initially the work will be 
concerned with the measurement of impedance 
and power in co-axial lines at frequencies up to 
3,000 mc/s. Applicants should ssess at least a 
University Honours Degree in Science with 
Physics or Mathematics as a major subject, or in 
Physical Engineering or equivalent qualifications 
together with appropriate research experience. 
Experience in electronic techniques is desirable. 
Commencing salary is dependent upon _ the 
appointees qualifications and experience, and will 
be determined within the salary range of Research 
Officer £A1,313-£A1,938 p.a. In the case of an 
appointee domiciled overseas, first class sea 
fares to Australia will be paid for the appointee, 
his wife and family. The appointment will be 
conditional upon a satisfactory medical examina- 
tion, and the appointee will be required to con- 
tribute to and eligible to receive benefits from 
either the Commonwealth Superannuation Fund 
or the Commonwealth Provident Account. 
Applications quoting Appointment No. 760/88, 
and stating full name, place, date, and year of 
birth, nationality, marital state, present employ- 
ment, particulars of qualifications and experience, 
and of war service, if any, accompanied by copies 
of not more than four testimonials and the names 
and addresses of three referees acquainted with 
you professionally, should reach the undersigned, 
from whom further particulars may be obtained, 
by the 2Iist December, 1957. A. Shavitsky, Chief 





Scientific Liaison Officer. Australian Scientific 
Liaison Officer, Africa House, Kingsway, London, 
W.C.2. W 2622 


ELECTRONICS AND INSTRUMENTS SECTION 
of Central Electricity Research Laboratories, 
Leatherhead, Surrey, require an Assistant Engineer 
to assist in experimental testing and development 
work in the laboratory and in the field on radio 
and television interference from high voltage trans- 
mission lines involving field strength and voltage 
measurements at radio frequencies, calibration of 
equipment and analysis of experimental data. 
Candidates should have a Degree or equivalent 
qualification and ability to apply a fundamental 
knowledge to a variety of problems. Salary: £820- 
£995 p.a. according to ability. Application forms 
from D. Moffat. Director of Establishments, 
Central Electricity Authority, Winsley Street, 
London, W.1, to be returned by 31st December. 
Quote reference E.E./472. W 2610 


ROYAL TECHNICAL COLLEGE. SALFORD. 
Principal: C. Whitworth, M.Sc., Ph.D., F.R.I.C., 
F.Inst.F. The Governors of the College, which 
is a College of Advanced Technology. invite 
applications for the following posts: Senior Lec- 
turer in Electrical Engineering, Lecturer in Elec- 
trical Engineering. Applicants should be graduates 
and, preferably, members of the appropriate in- 
stitution. Preference will be given to applicants 
with both teaching and industrial or research 
experience. Successful candidates will be given 
the opportunity to take part in research, and the 
Department will move into laboratories in the 
new Extensions early next year. Salary will be 
in accordance with the Burnham Technical Report, 
1956—Senior Lecturer, £1,350-£1,550 (men). Lec- 
turer. £1,200-£1,350 (men). Forms of application, 
together with further particulars, may be ob- 
tained from the Principal, Royal Technical Col- 
lege, Salford, to whom thev should be returned 
as soon as possible. Ribblesdale Thornton, 
Clerk to the Governors. W 2619 


ENGINEER (MAIN GRADE) required by the 
Atomic Weapons Research Establishment, Alder- 
maston, Berks, to work as a member of a team 
engaged upon the design and development of 
mechanical, elec’i.-mechanical and _ electronic 
equipment of uniqve and unorthodox design. A 
recognized engineering apprenticeship and A.M.I. 
Mech. or E.E. or equivalent qualifications re- 
quired. At least three years’ experience in the 
design of the above types of equipment also 
required. Salary: £1,300 to £1,740 p.a. Contribu- 
tory Superannuation Scheme. A house or assistance 
towards legal expenses on house purchase will be 
available for married officers living beyond daily 
travelling distance. Postcards for application forms 
to the Senior Recruitment Officer at above 
address. Please quote ref. B/ 1350/42. W 2647 


EXPERIMENTAL/ASSISTANT EXPERIMEN- 
TAL OFFICER required by The Atomic Weapons 
Research Establishment, Foulness, Essex. For 

Field Trials of high explosives. The t may 
involve occasional periods of overseas duty of 
one to four months. The minimum qualification 
is H.S.C. (Science) or equivalent. A _ general 
knowledge of physics required and experience in 
electronics desirable. Candidates for the E.O. 
grade should be at least 26 years of age. Salary: 
E.O. £990-£1,215 p.a. A.E.O. £395 (at age 18) to 
£700 (at age 26 or over) £855 p.a. Contributory 
Superannuation heme. house or assistance 
towards legal expenses on house purchase will be 
available for married officers living beyond daily 
travelling distance. Postcards for application 
forms to the Senior Recruitment Officer at 
A.W.R.E., Aldermaston, Berks. Please quote 
Ref.: 1621/42. W 2626 


INSTRUMENT ENGINEERS required in the 
Electronics and Instruments Section of the 
Central Electricity Authority, Research Labora- 
tories, Leatherhead. The Section provides an 
instrument service for all departments of the 
Laboratories and duties include the maintenance, 
calibration and repair of the wide variety of 
physical, chemical and electrical instruments. 
Candidates should have the Higher National Cer- 
tificate and experience in electronic or nucleonic 
equipment will be an advantage. Salaries within 
scales £820-£995 p.a. or £550-£725 p.a. Write for 
application form to D. Moffat, Director of 
Establishments, Winsley Street, London, W.1, to 
be completed and returned as soon as possible. 
Quote ref. E.E./450. W 2597 


SOUTH AFRICAN COUNCIL for Scientific and 
Industrial Research National Telecommunications 
Research Laboratory. Applications are invited for 
the post of Assistant Research Officer at the above 
Laboratory in Johannesburg. Candidates should 
hold a University Degree in mathematics or 
physics. Duties include the compilation of iono- 
spheric data and the preparation of radio propa- 
gation predictions. Further details and applica- 


tion forms are obtainable from the South 
African Scientific Liaison Officer, Africa House, 
Kingsway, London, W.C.2. W 2621 


THE NATIONAL INSTITUTE FOR MEDICAL 
RESEARCH. A _ Junior Development Engineer 
with a sound knowledge of Electronics and 
Physics is required in the Instrument Laboratory. 
The work involves design, development, and pro- 
duction of prototype apparatus for the various 
Scientific Divisions within the Institute. Candi- 
dates should be over 24 and possess either a 
pass Degree, C. and G. Final (Telecomms.) or 
H.N.C. Salary will be on a scale, Junior Techni- 
cal Officer—£510 to £780, or Technical Officer 
£830 to £1,150. Write stating age, experience, 
and qualifications. to the Personnel Officer, The 
Ridgeway, Mill Hill, N.W.7. W 1929 


UNIVERSITY OF SOUTHAMPTON. Electronic 
Engineer required for the maintenance of a 
Ferranti Pegasus Computer and for the design 
and construction of analogue equipment. Previ- 
ous experience of Computers is desirable but not 
essential since training will given. Salary in 
range £750-£850 according to qualifications and 
experience. Pension Scheme. Further particulars 
from the Secretary and Registrar, to whom appli- 
cations giving age, details of experience and quali- 
fications and the names of two referees should 
be sent not later than 14th December, a 
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LONDON COUNTY COUNCIL. South-East 
London Technical College, Lewisham Way, Lon- 
don, S.E.4. Applications invited for Assistant 
Grade B for electrical engineering subjects and 
mathematics. Salary: £650 x £25—£1,025 plus 
London allowance, additions for training and 
qualifications and increments within scale for 
previous experience. Application forms return- 
able- by 20th December from ‘Secretary of 
College (2154). W 2650 


UNIVERSITY COLLEGE OF NORTH WALES, 
Bangor. Applications are invited from physicists 
or electrical engineers for the post of Lecturer 
in the Department of Electronic Engineering. 
Candidates must have had research experience 
in some branch of valve, transistor or circuit 
electronics, or in solid state physics, Teaching 
experience, although desirable, is not essential. 
The salary i 3 be on the lecturer scale, with a 
maximum of £1,650 p.a., together with a family 
allowance of £50 per child and F.S.S.U. benefits. 
A salary at or near the maximum will be offered 
to a candidate with suitable qualifications. The 
date of appointment will be arranged with the 
successful candidate. Two copies of the applica- 
tion should reach the undersigned, from whom 
further particulars may be obtained, not later 
than December 14, 1957. Kenneth Lawrence, 
Secretary and Registrar. wi 


SITUATIONS VACANT 


A DEVELOPMENT ENGINEER preferably 
qualified is required to take a new ceramic capa- 
citor process from the research to the final 
manufacturing stage. Experience in ceramic or 
metallurgical fields essential and some know- 
ledge of the mass-production of small plants 
would be of value. The plant is located in 
Northamptonshire. Graduate required to 
assist in a laboratory developing new types of 
capacitors. The work involves taking an interest 
in both the physics and chemistry of such com- 
ponents and in particular investigating the pro- 
perties of films on metals. There are oppor- 
tunities for carrying projects through the pilot 
plant stage to production. Box 569. 


ASSISTANT to Chief Electrical Engineer required 
for interesting work on magnetic circuits. B.Sc. 
Degree or A.M.I.E.E. qualification preferred, 
Previous experience desirable, but not essential. 
Salary according to qualifications, contributory 
pension scheme in operation. This is a very 
attractive opening in a young and progressive 
unit for a keen worker. Full details in writing 
to Telcon-Magnetic Cores Limited, The Indus- 
trial Estate, Chapelhall, Lanarkshire. W 1919 


ASSISTANT INSTRUMENT ENGINEER re- 
quired at a large Paper ill for work in an 
expanding instrument section concerned with in- 
vestigation of process control problems, com- 
missioning, evaluation and maintenance of in- 
struments, and general development work. Young 
man, graduate in Physics or Engineering preferred, 
knowledge of electronics and pneumatic control 
techniques an advantage. Applications to Person- 
nel Officer, Alex. Pirie & Sons, Bucksburn. 
Aberdeenshire. W 1925 


ASSISTANT SALES ENGINEER is required by 
Radar manufacturers in London area to handle 
technical sales correspondence in their Radar 
Sales Division. Applicants should have good know- 
ledge of commercial procedure and radar instal- 
lation practice. A working knowledge of 
Meteorology will also be of assistance. Applicants 
should apply in writing stating age, experience, 
salary required, etc., to “JMD’’ Box W 2632. 


COSSOR INSTRUMENTS LTD., Senior Engin- 
eer, required for circuit development on oscil- 
lographs and other instruments. Preference given 
to a man holding Degree or equivalent academic 
qualifications, plus five years’ design experience; 
although proven design ability a_wider experience 
would be considered in lieu. For a Progressive 
post with a young and expanding Company within 
an established group write to The Technical 
Director, Cossor Instruments’ Ltd., Highbury 
Grove, London, N.5. W 2643 


ELECTRONIC ENGINEERING 


DESIGN AND DEVELOPMENT ENGINEERS 
(intermediate), also Checker Draughtsman re- 
quired for the modern laboratory of a progres- 
sive company engaged in the advanced develop- 
ment of radio and _ television. The several 
vacancies present excellent opportunities to 
applicants with qualifications to O.N.C. standard 
who have had previous experience in this field. 
An attractive salary will be paid to the selected 
candidates. Eastern suburbs of London. Replies, 
which will be treated in confidence, should be 
addressed to Box W 2613. 


DESIGNER DRAUGHTSMEN & JIG & TOOL 
DRAUGHTSMAN required. Must have Elec- 
trical experience. Very interesting and progres- 
sive work with minimum A.E.S.D. pensionable 
salaries. Good prospects. Apply with details 
of experience and age to Personnel Officer, 
British Communications Corporation Ltd., y's 
bition Grounds, Wembley. 2595 


DESIGN GROUP LEADER. A first-class Elec- 
tronic and Mechanical Designer- -Draughtsman is 
offered a ae Se in our Guided Weapons 
design team e will co-ordinate and control 
work on weapons, associated equipment and 
aircraft installations. Candidates should apply, 
in confidence, to the Personnel Manager (Ref. 
112B), de Havilland Propellers Limited, Manor 
Road. Hatfield. Herts. W 2611 


DRAUGHTSMAN, electronic or electro- 
mechanical required to join development team in 
the Vibration Division. Stress is laid on initiative 
and ability to work with a minimum of super- 
vision, and a thorough understanding of the 
underlying principles involved. Remuneration will 
be appropriate to qualifications and experience 
of successful candidate. Write, in full confidence, 
Goodmans Industries Ltd., Axiom Works, Lance- 
lot Road, Wembley, Middlesex. W 2625 


ELECTRICAL DEVELOPMENT ENGINEERS 
(Grad.I.E.E. or equivalent) required for inter- 
esting work on advanced’ electromechanical 
systems. Familiarity with basic servomechanism 
theory and practice, an advantage. Electrical 
Draughtsman (O.N.C. or equivalent) required to 
work with development team on preparation of 
schematic and other diagrams. Successful appli- 
cants will work from the design office but will 
follow work through from laboratory to field 
trials. Posts are permanent and include parti- 
cipation in voluntary superannuation scheme. 
Write with details of age, qualifications. experi- 
ence and salary required to Chief Electrical 
Engineer, British Manufacture and Research Co. 
Ltd., Grantham, Lincs, quoting Ref. AWK/MF/ 
EE. W 337 


ELECTRICAL DEVELOPMENT ENGINEERS. 
Young Electrical Engineers are invited to apply 
for a post as Development Engineer with British 
Oxygen Gases Limited, Equipment Division. The 
successful candidate will join a team working on 
the development of Electronic Controls applied 
to cutting machines. A Degree or equivalent is 
desirable, together with previous experience or 
interest in the field of servomechanisms, magnetic 
amplifiers or fractional horsepower motor control. 
Technical Assistants are also required to assist 
in the above work and also to carry out develop- 
ment concerned with the control of medical equip- 
ment. An Ordinary National Certificate in Elec- 
trical Engineering coupled with some electronic 
experience is required for these posts. Good 
salaries are offered, together with excellent con- 
ditions of service. Housing assistance can also be 
arranged if required. Apply in writing, in person, 
or by telephone to: The Staff Officer (Ref. 
8593/EE), British Oxygen Gases _ Limited, 
Equipment Division, Angel Road, Edmonton, 
London, N.18. Telephone: EDMonton 3020. 

W 2645 


ELECTRONIC ENGINEER with H.N.C. in elec- 
tronics or equivalent qualifications, required for 
design of electronic test equipment and super- 
vision of installation and maintenance of same. 
Reply stating age, qualifications, experience and 
salary required. Reply to: Personnel Officer, The 
British Thomson-Houston. Co. Ltd., Carholme 
Road, Lincoln. W 1914 


tw 


ELECTRONIC ENGINEERS. Two Senior Engin. 
eers are required by a leading Electronics Com. 
pany in West London district. Applicants must 
have good qualifications (Engineering or Physicy 
Degree standard) and experience in the design 
and development of radio navigational aids and 
or q using transistors. Modern 
laboratories provide excellent conditions. Goog 
and progressive salaries. Pension Scheme. Satur. 
day morning interviews arranged if desireg 
Please write in full confidence, age, qualifications, 
experience and salary required to Box W 2532 





ELECTRO-MECHANICAL ENGINEERS required 
for interesting design and development work jn 
the Vibration Division. Practical experience and 
initiative are more important than full profes. 
sional qualifications; an excellent opportunity 
for the right man. Goodmans Industries Ltd, 
Axiom Works, Lancelot Road, Wembley, Middle. 
sex. W 2624 


ELECTRONIC ENGINEERS. Interesting de- 
velopment work in a lively and expanding 
organisation is offered to Electronic Engineers 


who would like to live in the Isle of Wight 
(assistance with accommodation is available). 
The field of operations includes rocket develop- 
ment, radar and pulse techniques and general 
instrumentation. Applications, giving details of 
experience, qualifications, age and salary and 
quoting Reference EE/68, should be addressed 
to the Personnel Officer, Saunders-Roe Ltd., 
East Cowes, Isle of Wight. W 2596 


ELECTRONIC ENGINEER or Physicist experi- 
enced in the field of R.F. eddy current heating 
for post in the field of semiconductors. Experience 
of high vacuum techniques would be an advan- 
tage. Box 2640. 


ELECTRONIC ENGINEER required for design 
work in the Department of Research and Tech- 
nical Development. Applicants should have a 
Higher National Certificate or its equivalent and 
preferably some experience of industrial measur- 
ing, telemetering and control systems. A sound 
knowledge of jservo-mechanism design 
quired. Candidates should preferably be be- 
tween the age of 25 and 35 

based upon age and qualifications. 
to: Manager/Personnel, 
Limited, Corby, Northants. 


is fe- 


Salary will be 
Please apply 
and Lloyds, 

W 2600 


Stewarts 





ELECTRONIC ENGINEER required for smail 
but busy laboratory engaged in development of 
electronic instruments. Interesting work with 
scope for ideas and initiative. Exceptional oppor- 
tunities for promotion. Rivlin Instruments Limited, 
Doman Road, Camberley, Surrey. Camberley 


°2507/8. W 1931 


ELECTRONIC ENGINEERS. Applications are 
invited from Electronic Engineers for Electro- 
Medical Development. Applicants should have 4 
University Degree in Electrical Engineering of 
H.N.C. Electronics or equivalent. Industrial: ex- 
perience desirable. Five-day week, excellent 
Canteen and Welfare facilities, pension scheme. 
Salary £700 to £900 per annum according to 
qualifications and ability. Apply the Personnel 
Supervizor, Siemens Edison Swan Ltd., Brant- 
wood Road, Tottenham, N.17. Ww 
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THE TREND 


To meet the increasing d d for ul 
combined with accuracy, we are producing highly 
stable precision wirewound resistors of minute 
dimensions to standard specification. Please 





write for further details. y 


. DIMENSIONS §* long by .*.” diameter Axial leadouts 
20 s.w.g. tinned copper wire 2}” long. \ 


@ Standard Tolerances set at 20°C.: 1%, 0.5%, 0.25% and 0.1%. 


@ ANY VALUE can be supplied in the Resistance Range 
100 ohms to 200K ohms. 


@ Rating ¢ watt. 


@ Guaranteed Temperature Coefficient better than 0.002% per °C. 
over the whole resistance range. 


@ Specially selected wire is sealed against humidity in a resin which can withstand 


temperatures of over 150°C. 


@ Precision Component designed and manufactured’ or consistent accuracy 


Standard products include 2W, |W, 4W and iW precision wirewound resistors in the 
Higher values can also be produced to order. 


range 0.1 ohms to 10 megohms. 


l VI1Q COMPONENTS LTD. 





551, HOLLOWAY ROAD, 


LONDON, N.19. 
Telephone: ARCHWAY 0014/5 

































Realism te 
Rewroduciion 


Our new series of matched “ Prelude’ cabinets has 
been acknowledged as the basis for a true High Fidelity 
system at really realistic cost. These contemporary-style 
cabinets in satin-striped sapele veneers are cleverly designed 
and beautifully finished. Although their smart appearance 
gives no hint of it, they are supplied in ready-to-assemble 
form and put together in a few minutes with a screwdriver. 
When used in conjunction with suitable Stentorian speakers 
and the WB.12 Amplifier they give absolute realism in 
reproduction at far lower prices than have hitherto been 
possible. 

Examine the full range of WB products and judge for 
yourself. Name of nearest stockist and fully descriptive 

leaflets gladly sent on request. 


Bs, lenlorian 


HIGH FIDELITY 
AT REALISTIC COST 
* See and hear all WB lines at our London Office 
(109 Kingsway, W.C.2.) any Saturday between 9 a.m. 
and !2 noon. 
WHITELEY ELECTRICAL RADIO CO. LTD. 
MANSFIELD - NOTTS. 
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“Prelude”’ Bass Reflex Console 
Cabinet. 


Will provide outstanding reproduction 
when used in conjunction with Sten- 
torian 8” or 10” units, provision also for 
Tweeter Unit. Size: 33” x 19” x 194”. 
Price £11.11.0 


“Prelude” Bass Reflex Corner 


Console. 

Designed to utilise the natural acoustic 
properties of the walls, and is also obvi- 
ously suitable where space-saving is a 
consideration. Sturdily constructed to 
take every advantage of Stentorian 8” or 


Console 


“Prelude” Hi-Fi 
Cabinet. 


Takes any make of tape-deck or record 
player, amplifier, pre-amplifier control 
unit, and radio tuner. Size: 33° x 
19° x 198". Price €£13.13.0 


“Prelude” Hi-Fi Table Cabinet. 
Will accommodate any make of tape- 
deck or single record player, amplifier, 
pre-amplifier control unit, and radio 


10” units, with provision for Tweeter tuner. Size: 17)" x 19}" x 18}. 
Unit, Size: 33” x 21” x 17”. Price £10.10.0 Price €9.19.6 
ELECTRONIC ENGINEERING 
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ELECTRONIC TEST ENGINEER required by 
Sunvic Controls Limited for interesting work 
on Nucleonic Equipment. Preference will be 
iven to applicants with experience in Pulse 
echniques. Housing available if required. 
Write giving full details of experience, salary 
required, etc., to the Personnel Officer, Sunvic 


Controls_ Limited, No. 1 Factory, Temple 
Fields, Harlow, Essex. W 2598 
ELECTRONIC DEVELOPMENT ENGINEER 


required for work on industrial control equip- 
ment in rapidly expanding small Company. 
Applicants would be expected to work without 
supervision and on own initiative. At least 
H.N.C. or equivalent standard required. Apply 
in writing to Electronic Machine Co.‘Ltd., May- 
day Road, Thornton Heath. W 1917 


ELECTRONIC DRAUGHTSMAN REQUIRED 
for work associated with the manufacture of 
electronic equipment for use in geophysical oil 
exploration. Applicants must have good know- 
ledge of electronic components and experience 
of layout work on small assemblies. Five-day 
week in ideal surroundings near Bromley, Kent. 
Apply Box W 2629. 


ELECTRONIC RESEARCH ENGINEER or 
Physicist required to lead a new team in the 
study of the properties of novel components 
with a view to extending their application. This 
is a senior appointment requiring technical 
ability combined with initiative and ingenuity. 
Salary according to qualifications and experi- 
ence, not less than £1,500 per annum. Appli- 
cant should possess a good Honours Degree and 
have had several years’ experience in research 
or development in electronics. Apply to the 
Administrative Officer, The Plessey Co. Ltd., 
Roke Manor, Romsey, Hants. W 2544 


ENGINEERS REQUIRED to be trained for 
Commissioning and Maintaining Electronic Equip- 
ment. Qualifications: H.N.C. or equivalent. Previ- 
ous experience on Electronic Equipment desirable. 
Apply: Construction Department, British 
Thomson-Houston Co. Ltd., Rugby. W 2623 





ENGINEER /MATHEMATICIAN. An Engincer/ 
Mathematician is required at the Feltham labora- 
tories of the Company to work on the assess- 
ment side of an advanced development pro- 
gramme. Experience or interest in one of the 
following fields is required; statistics, computa- 
tion techniques, analysis of experimental data. 
A degree in Maths., or Physics, or equivalent, 
is necessary. Please apply with full details to 
the Personnel Department, E.M.I. Electronics 
Ltd., Engineering Development Division, Hayes, 


Middlesex. Quote Reference No. EL/B.10. 
W 2607 
ENGINEER. An Engineer with some experience 


is required at the Feltham laboratories of the 
Company to work on the sub-unit engineering 
and circuit design of the video pulse side of a 
radar system. Candidates should have an 
Engineering or Physics Degree. Please apply 
with full details to the Personnel Department, 


E.M.I. Electronics Ltd., Engineering Develop- 
ment Division, Hayes, Middlesex. Please quote 
Reference No. EL/B.20. W 2608 





E.M.I. ELECTRONICS LTD., Sales Engineers, 
Electronic Instrument Division. Keen and ener- 
getic young sales engineers are required to deal 
with a large range of electronic instruments and 
industrial equipments. Applicants should be com- 

tent car drivers, prepared to travel within the 

-K. or abroad as required. Please reply giving 
full details to the Personnel Department (EL/ 
B.27), E.M.I. Electronics Ltd., Hayes, Middle- 
sex. W 2634 


ELECTRONIC ENGINEERING 


ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies for 
circuit designers and equipment engineers to work 
on nucleonic instruments, and interesting new 
developments in electronic computing and switch- 
ing; both senior and junior posts are available. 
Applicants should have a degree or equivalent 
plus several years’ experience of appropriate work 
for the senior posts: correspondingly reduced 
qualifications and experience will be accepted for 
junior posts. Salaries will be in accordance with 
age, qualifications and experience. Applications, 
giving details of age, academic or other training 
and qualifications, experience and starting salary 
required, should be sent to the Personnel Officer, 
Ericsson Telephones Ltd., Beeston, None 


ERICSSON TELEPHONES LIMITED, Instru- 
ment Division, have vacancies for Senior and 
Assistant Electronic Engineers, Mechanical Design 
Engineers and Laboratory Assistants for interest- 
ing work on Industrial and Nucleonic Instruments. 
Attractive starting salaries and good prospects for 
advancement will be offered to successful appli- 
cants. Write to the Personnel Officer, Ericsson 
Telephones Limited, Beeston, Nottingham. W 333 


HIVAC LIMITED, a Company associated with 
a major group in the telecommunications field, 
requires scientific and technical staff to work on 
the development and production of valves, cold 
cathode tubes and similar products. Applications 
are invited from Physicists, Chemists and Engin- 
eers, having a Degree or equivalent qualification 
and interested in these fields. Previous experience 
is not essential, except for the more senior 
appointments, for which the ability to work with 
the minimum of supervision is required. The 
posts are pensionable and offer considerable 
scope for advancement and vacancies are available 
at both Harrow-on-the-Hill and South Ruislip 
Applications, which will be treated in strict con- 
fidence, should be addressed to: The Engineer-in- 
Chief, Hivac Limited, Stonefield Way, Victoria 
Road, South Ruislip. W 2636 


INSTRUMENT DEVELOPMENT ENGINEER 
(Senior) required for circuit design work con- 
nected with ultrasonics and electronic measuring 
instruments. Must be capable of carrying out 
development projects to production stage with 
minimum of supervision. Apply giving full details 
of experience, qualifications and salary required 
to Chief Engineer. Dawe Instruments Limited, 99 
Uxbridge Road, Ealing, London, W.5. W 1934 


INSTRUMENTS. Magnesium Elektron Limited 
invites applications for the post of Assistant 
Instrument Engineer at its works at Clifton 
Junction, Manchester. Candidates should be 
between 24 and 35 years of age and hold a 
Higher National Certificate in Electrical Engin- 
eering or equivalent qualifications. An electronic 
background is essential and experience in indus- 
trial instrumentation desirable. Duties will in- 
clude the development and selection of instru- 
ments for new projects and assistance in the 
general routine of the instrument section. Monthly 
staff appointment with salary according to quali- 
fications and experience. Pension and Life Assur- 
ance Scheme. Written applications quoting refer- 
ence SEL31 and full details to Personnel Officer 
(Staff), P.O. Box No. 6, Lumm’s Lane, Clifton 
Junction, Swinton, near Manchester. W 2641 





LARGE OIL COMPANY requires Seismic Instru- 
ment Operator for work in the Middle East. 
Applicants should be bachelors, under 35, with 
experience of the operation and maintenance of 
electronic equipment and prepared for desert 
living conditions. Possession of a qualification in 
Electrical Engineering would be an advantage. 
Pensionable pay not less than £1,050 per annum 
plus substantial local allowances. Service on three 
year contracts but home leave with paid passages 
after two years. Local leave in addition. Write 
in full, quoting No. 750 to Box No. 1292, c/o 
Charles Barker & Sons Ltd., Gateway House, 
London, E.C.4. W 2642 





LARGE United States Capacitor manufacturing 
company requires an experienced Senior Paper 
Capacitor Engineer. Good salary. Moving ex- 
penses paid. Location Atlantic Seaboard. Inter- 
views in London. Apply giving full details of 
age, qualifications, experience to Box W 3. 


LEADING COMPANY of Industrial Instrumen 
Manufacturers located in the London Area require 
Development Engineer for work on novel indy. 
trial instruments. Knowledge and experience of 
ultrasonic and electronic techniques essential, eg. 
perience of transistor circuitry desirable. Gogg 
opportunities for right man. Starting salary about 
£1,000 per annum. Full details to Box W 197% 


LONDON TECHNICAL PUBLISHERS have a 
editorial vacancy for a young man with exper. 
ence in the electronics industry. Desirable qual. 
fications include a Science Degree or equivalent 
such as membership of an appropriate profe. 
sional institution. Ability to write concisely og 
technical subjects is essential. Regular visits t 
manufacturers will form a major part of the 
duties involved. Applications to be made ig 
writing, stating qualifications and salary required, 
to Box W 2616. 


MECHANICAL ENGINEER. Applications are 
invited for the post of Mechanical Engineer og 


Light Mechanisms. Applicants should have 4 
University Degree or H.N.C. Mechanical Engin. 
eering or equivalent. Industrial experience is 


desirable. Five-day week, excellent Canteen and 
Welfare facilities, pension scheme. Salary £700 
to £900 per annum according to qualification 
and ability. Apply the Personnel Supervizor, 
Siemens Edison Swan Ltd., Brantwood Road, 
Tottenham, N.17 W 1921 


METEOROLOGIST is required by Radar manu 
facturers in London area to maintain technical 
liaison with meteorological services and to 
specialize in the application of radar to meteorm 
logical problems. Applicants should preferably 
have forecasting experience and should apply ia 
writing, stating age, experience and salary te 
quired to “JMD’ Box W 2633. 


MULLARD EQUIPMENT LIMITED, 51-55 
Garratt Lane, S.W.18, has the following vacan- 
cies in a Laboratory Development Group en- 
gaged on work in connexion with special elec 
tronic systems: 1. Development Engineers. 
Applicants should preferably possess a t 
National Certificate and at least three year 
experience in an Electronic Development Labora- 
tory. 2. Junior Development Engineers or 

Laboratory Assistants. . rT - should _prefer- 
ably hold the equivalent of an Ordinary National 
Certificate and have had at least three years’ 
practical experience in the electronics industry. 
They must also have no National Service commit- 
ments. Applications from British Nationals only 
should be addressed in writing to the Pe 

Officer quoting reference DG2. W 2631 


MULTI CHANNEL TELEPHONE RELAYS 
Telemeter Equipment Communication R : 
and Transmitters, Navigational Aids, Aerial 
Systems, Special Purpose Television Equipment, 
Components and Processes. The above are typical 
of the work currently in hand at the Electronics 
Laboratories. Additional staff, from junior 
assistants to senior engineers are required. A 

opportunity of advancement exists for those 

ing to undertake responsibilities, the programme 
of work requiring the expansion of most sections. 
The laboratories are located in a New Town giving 
ready access to London and the surrounding 
countryside. Excellent educational facilities are 
available nearby, and the firm’s sports club 
together with local clubs and societies offers 
adequate recreational and social activity. Security 
is enhanced by a pension and life assurance 
scheme, and housing in the town is attractively 
planned. Please write initially giving full de 

of experience, qualifications and age to Personnel 
Department (E.45), Murphy Radio Limited, 
Welwyn Garden City, Herts. W 2517 


OVERSEAS. Oil Exploration Company with 
world-wide seismic parties offers permanent 
career to electronic technicians. Maintaining and 
operating field equipment. Men prepared to accept 
responsibility and to live in camp conditions. 
Academic qualifications to H.N.C. or equivalent 
or genuine practical experience to this standard. 
Liberal home leave. Box W 336. 


PHYSICIST for expanding Nucleonics Laboratory 
Interesting work in connexion with _ Health 
Physics and Reactor Instrumentation. Previous 
experience in this field not essential. Apply giving 
full details of experience and salary required to 
Personnel Department, Burndept Limited, West 
Street, Erith, Kent. W 2648 
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SITUATIONS VACANT (Cont'd.) 





PROJECT AND CIRCUIT ENGINEERS: Nash 
and Thompson require a Senior Project Engineer, 
also Senior and Junior Circuit Engineers for their 
Electrical Laboratories. The emphasis will be 
placed on interest and/or experience in transistor 
techniques. Our laboratories cover an extremely 
wide fieid and offer scope to the engineer who 
desires full interest. Write in the first instance, 
giving age, experience and qualifications to: Chief 
of Research, Nash & Thompson Limited, Oak- 


croft Road, Chessington, Surrey. W 2639 


PROGRESS PLANNING ENGINEERS required 
with experience of methods to produce electronic 
telephone and similar equipment. Good pro- 
gressive salary. Apply with details of age, quali- 


fications and experience to Personnel Officer, 
British Communications Corporation Ltd., Exhi- 
bition Grounds, Wembley. W 2594 


QUALIFIED PHYSICIST REQUIRED for a 
post which involves a study of the deposition of 
Pure materials produced by thermal and other 
decomposition techniques. Experience in high 
vacuum work and also in R.F. heating units 
would be an advantage. The post is of a senior 
nature, and the location Northants. Box W 2617. 


RESEARCH ENGINEER. An experienced and 
qualified engineer or physicist is required to join 
a research team engaged in the study of funda- 
mental problems associated with the design and 
development of electronic equipment. This is an 
excellent opportunity for an engineer with a 
keen interest in new techniques and their appli- 
cation to fundamental design problems. Please 
write with full details to the Personnel Dept 
(EL/R.18), E.M.I Electronics Ltd., Hayes, 
Middlesex. W 2638 


SEMICONDUCTORS LIMITED. 
This 
shortly to commence 


Vacancies for 
Company is 
their new 


Section Leaders important 
manufacture at 
Swindon factory. A number of positions are 
available for young men to take charge of certain 
operations in the production of transistors. Ex- 
perience in any branch of semiconductor manu- 
value but 


technical background is, 


facture or development would be of 


is not essential. Some 


however, important experience in 
The appoint- 
ments provide good commencing salaries and ex- 
opportunities for 
can be made available able to the selected candi- 
dates. Applications, which will be treated in the 
strictest confidence, to Personnel Manager, 56 
Ilford, Essex. W 2587 


and previous 


the control of personnel is desirable. 


cellent advancement. Housing 


Vicarage Lane, 


SENIOR ENGINEERS REQUIRED to work on 
application of transistors in servomechanisms. 
Ability to make up and evaluate prototypes 
desirable. Apply: Box W 1924. 


SMALL ELECTRONICS FACTORY _ near 
Bromley (Kent) requires foreman to supervize 
wiring and machine shop. Must have O.N.C. 
or equivalent. Experience of electronic proto- 
type work an advantage. Wage £13-£15 depending 
on experience. Apply Box W 2628. 


ELECTRONIC ENGINEERING 





SENIOR ENGINEER. A Senior Engineer is 
required at the Feltham laboratories of the Com- 
pany to direct a unit engaged on the develop- 
ment of I.R./electronic devices. A period of 
some 5-10 years’ experience in I.R. work and 
evidence of administrative ability are required. 
Candidates should also have an Honours Degree 
or Ph.D. Please apply with full details to the 
Personnel Department, E.M.I. Electronics Ltd., 
Engineering Development Division, Hayes, 
Middlesex. Quote Reference Number EL/B.9. 

W 2606 





SENIOR INSPECTION EXECUTIVES required 
as Personal Assistants to the Company Chief 
Inspector or as Divisional Chief Inspectors. Appli- 
cations are invited from men 35-50 who have had 
considerable experience at executive or senior 
level in the large scale manufacture, inspection 
and test of Electro-Mechanical and Electronic 
Components, sub-assemblies and equipments. 
High salaries are associated with these appoint- 


ments for men well versed in the modern 
approach to inspection matters, of good per- 
sonality, administrative experience and _ the 


ability to exercise effectively control in positions 
of considerable responsibility. Applicants must 
be well briefed and experienced in dealing with 
Government and other large consumer inspection 
organisations. London area. Write in strictest 
confidence to Box W 2612. 


SENIOR TECHNICAL ENGINEERING STAFF. 
A London Engineering Company invite applica- 
tions from project engineers who are capable of 
taking charge of electronics and mechanical en- 
gineering development in connection with guided 
weapon and other applications. These positions 
are permanent and offer ample opportunity for 
turther advancement. The commencing salaries, 
which will be in the region of £1,500 per annum 
upwards according to qualifications and experi- 
will be subject to 
Engineering Degree or H.N.C. Replies, 
which will be utmost confidence, 
should give full details of qualifications and ex- 
perience and be addressed to Box W 2605. 


ence, review on a generous 


scale. 
treated in 


TECHNICIANS: Required as soon as _ possible 
at the Royal Free Hospital Medical School: (1) 
Senior Technician or Technician in the Pharma- 
cology Department with experience and training 
in electronics. (2) Senior Technician for work on 
construction of electronic apparatus for medical 
research. Technical training in electronics essen- 
tial, and preferably experience in medical elec- 
tronics. Work non-routine, offering scope for 
enthusiasm and ability in assisting with design 
of recording and testing equipment. Scales: Senior 
Technician, £620 x £20(2) x £25(4)}—£760; Tech- 


nician, £515 x £20(2) x £25(3)}—£630, plus Lon- 
don Weighting. Superannuation benefits. Five 
weeks’ holiday. Apply Secretary, 8 Hunter 
Street, W.C.1, 


with names of two referees. 
W2 


TECHNICAL SALES REPRESENTATIVE 23-30 


B.Sc. or equivalent, to represent special elec- 
tronic valve division in a large manufacturing 
organization in the London area. Some sales 


or circuit development experience would be an 
advantage, but is not essential. Specialized 
training will be given. Apply with details in 
confidence to J Yeomans, Personnel 
Manager, Standard and Cables 
Limited, Footscray, W 2615 


Telephones 
Sidcup, Kent. 


TECHNICAL WRITER. Technical Writer re- 
quired for manuals, etc., on Electronic and 
Electrical Equipment. Applicants should have 
experience of the preparation of instruction 
manuals, leaflets, etc., and have gained H.N.C 
standard. Five-day week, excellent Canteen and 
Welfare facilities, pension scheme. Salary £700 
to £900 per annum according to qualifications 


and ability. Apply the Personnel Supervizor, 
Siemens Edison Swan Ltd., Brantwood Road. 
Tottenham, N.17. W 1923 





TECHNICAL WRITER for preparation of operat. 
ing manuals, testing procedures and technical 
bulletins in connexion with electrical and elec. 
tronic instruments, facsimile transmission 
ment and servo-mechanisms. Applicants sh 
have an aptitude for this specialized form of 
writing, together with technical qualifications 
equivalent to H.N.C. Experience with light 
mechanisms is desirable. Salary commensurate 
with qualifications and experience. Ideal working 
conditions. Pension Scheme. Social and §; 
facilities. Modern canteen. Please write giving 
full details to Muirhead & Co. Ltd., Precision 
Electrical Instrument Makers, Beckenham, 

91 





— 


TECHNICAL WRITER required for the Elec 
tronics group of the Plessey Company Limited, 
Applicants should have the ability to write 9 
lucid description of circuits and equipment for 
service manuals and instruction books. A tech. 
nical background desirable but not essential, 
Excellent staff conditions are available and a 
good salary will be paid to the selected candi- 


date. Please reply, in confidence, giving full 
details, to the Employment Manager, Vicarage 
Lane, Ilford, Essex. W 2604 





TECHNICAL WRITER required to take charge 
of Publications Section dealing with Radar, 
Communications and other Electronic Equipment. 
Please write giving details of experience, quali- 
fications, age and salary expected to Personnel 
Department (E.46), Murphy Radio Limited, 
Welwyn Garden City, Herts. W 2590 





THE FAIREY AVIATION CO. LTD., Weapon 
require Graduates (Electronic Engineer- 
ing or Physics), Engineers, Draughtsmen (Elec- 
tronic or Mechanical). Graduates are offered 
attractive openings on the design and development 
of electronic circuits associated with the operation 
electro-mechanicai 
sound knowledge 
of electronics is essential and experience in tran- 


Division, 


of servomechanisms and 
automatic control systems. A 


sistor circuits or feedback amplifiers is desirable. 
required 
instruments such as accelero- 


Engineers are to design and develop 


electro-mechanical 


meters, gyroscopes, transducers and pneumatic 
servo-mechanisms. Experience in one of the above 
fields is desirable together with a minimum 


qualification of H.N.C. (Mechanical or Electrical 
Engineering). Draughtsmen are required to work 
in co-operation with should 
therefore have suitable draughting experience of 
the work mentioned above. H.N.C. (Mechanical 
or Electrical Engineering) is desirable. The above 
vacancies offer opportunities for young men, as 
those more experienced, to undertake 
interesting and varied work on guided weapons 


the foregoing and 


well as 
and other products. All these posts carry excel- 
lent salaries, bonuses, working conditions and 
opportunities for advancement. Pension Scheme. 
Please apply in writing, quoting post in which 
interested and giving details of qualifications and 
experience, to The Assistant Manager, The Fairey 
Aviation Co. Ltd., Weapon Division, Heston 
Aerodrome, Hounslow, Middlesex. W 2646 
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REALLY ACCURATE WIDEBAND MEASUREMENTS 
WITH A TOP-QUALITY INSTRUMENT 


The superb standards— both in accuracy of measurement and quality of engineering — 
which have been achieved in the new Solartron Measuring Solarscope CD 643, make this 


precision-built oscilloscope a must for your laboratory. 


. + GHECK THIS BRIEF SPECIFICATION NOW — 





Easy-to-read calibrated ‘Y’ shift. Time marker indication on trace. 


Time and amplitude measurement to better than + 2%. Sweep times down to 140 muSecs. 


Constant bandwidth D.C. to 15 Mc/s. *Y’ amplifier sensitivity to 100 mV/cm. 














- «» AGAINST YOUR REQUIREMENTS 


oe ti. = * 
bi. LARTRO THE SOLARTRON ELECTRONIC GROUP LTD - THAMES DITTON - SURREY 
uN Telephone: EMBerbrook 552 Cables: Solartron, Thames Ditton 

* alll P 








SITUATIONS VACANT (Cont'd.) 





TELEVISION DEVELOPMENT ENGINEERS. 
Two senior Engineers are required for the 
Development Laboratory of an important Com- 
pany in a West London district. Applicants 
should hold good academic qualifications and 
have several years’ experience in the develop- 
ment of black and white receivers and some 
knowledge of colour television. 
are permanent and nsionable and offer scope 
for advancement. All applications will be treated 
in strict confidence and should give full details 
of experience, qualifications, age, and salary 
desired to Box W 2592. 


The positions 


TELEVISION DEVELOPMENT ENGINEER 
(Senior) with administrative experience required. 
Capable of carrying out development projects 
with minimum supervision. up to production stage. 
Write giving full personal details. Chief Engineer, 
Rediffusion Vision Service Ltd., Fullers Way, 
Chessington, Surrey. W 1876 





TEST ENGINEERS required for interesting work 
in connexion with Radar, Computers, achine 
Tool Control Units, Camera Channels, Micro- 


wave Links and similar electronic equipment. 
Applicants must have sound theoretical know- 
ledge of electronics backed by practical experi- 
ence in H.M. Forces or Industry. Staff positions 
and Superannuation Scheme. Single accommoda- 
tion available. Apply, giving full details to Person- 
nel Department (C.E./21), E.M.I. Ltd., Hayes, 
Middlesex. W 2635 





WORKS MANAGER required in London area 
by manufacturer of Radio Valves and C.R.T.s. 
Should be fully experienced in up-to-date tech- 
niques, machine knowledge, and have ability to 
train and control staff. Write fully in first 
instance and indicate availability for interview 
in London. Replies treated in strictest confidence. 
Box W 1927. 


VALVE PHYSICISTS AND ENGINEERS re- 
quired for Design and Development work on 
cold-cathode tubes and thermionic valves. A 
Science Degree or equivalent qualifications, to- 
gether with at least two years’ experience, would 
be desirable. Applicants must have completed 
National Service, or be exempt. The positions 
are permanent and offer opportunities for a pro- 
gressive career. Attractive salary according to 
experience and ability. The Company operates 
a Staff Pension Scheme. Please write giving full 
details (which will be treated in strict confidence), 
quoting reference No. LK/1 to the Personnel 
Officer, Ericsson Telephones Limited, Beeston, 
Nottingham. W 2627 





SITUATIONS VACANT Continued on p. 9 








SITUATIONS WANTED 





SENIOR ELECTRONIC  Design/Development 
Engineer, 39, Degree, inventive ability, versatile, 
specializing high grade metering, precision and 
A.F. applications, test equipment design, vibra- 
tion test, G.W. experience, desires progressive 
position in work of national importance. Greatly 
improved results usually achieved. Salary range 
£1,300-£1,100. Wales or West preferred: remoie 
— Early house essential. Box 


SENIOR TECHNICAL AUTHOR, ex tech-sigs. 
branch R.A.F., four years present post, seeks 
change. Guided Weapons and computer experi- 
ence. Box W 1926. 





FOR SALE 





ELECTRICAL sheet steel offcuts for sale, all 
grades, plain or insulated. Quantities large or 
small. Apply Box W 2620. 


ELECTRONIC ENGINEERING 


GUARANTEED MAGSLIPS at low prices. 3 in 
Resolver No. 5 (AP 10861), S0v, 50c/s. Unused, 
each in tin, 35s. post 2s. Id. Large stocks of 
these and other types.—P. B. Crawshay, 94 Pix- 
more Way, Letchworth, Herts. Tel.: 1851. W 321 


ILLUSTRATED CATALOGUE No. 13. Contain- 
ing over 450 items of Government _ and 
Model Radio Control Equipment 2s. 2d. Refunded 
on purchase of goods 2s. 6d. overseas seamaili. 
Arthur Sallis Radio Control Ltd., Dept. EE, 93 
North Road, Brighton. W 332 


MAGSLIPS, SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on request. See 
our display advertisement on p. 160. W 202 


MULTI-WINDING MACHINE in full working 
order recently serviced by manufacturer’s engineer. 
Must sell as workshop space urgently required. 
Bargain £395. Box W 1915. 


PANL, recognised for many years as the unique 
one-coat black crackle finish. Brush applied, no 
baking. Available by post in 1/8th pint cans at 
3s. 6d. from G. A. Miller, 255 Nether Street, 
London, N.3. W 327 





POLARIZING EQUIPMENT. Four Processing 
Units 200 m.a.-230V 3-phase. Each set comprises: 
Variac Control Unit with fuses and metering, an 
oil 5-S KVA H.T. Transformer 230 to 20,000V 
and a Selenium rectifier assembly. The Secretary. 
United Insulator Co. Ltd., Oakcroft Road, Ches- 
sington, Surrey. Tel. No. Elmbridge 5241-6. 
W 2637 





P.O. 301 PLUGS at half manufacturers price! 
Six ft. of screened lead complete with two 
plugs. Ten in a box for only £3 post free (mini- 
mum quantity). Jack Davis (Relays) Ltd., Tudor 
Place, London, W.C.1. MUSeum 7960. W 2618 


PORTAWAY Earthing System for Electrical 
Safety. Extensively chosen by those who ‘“‘know’’. 
Good delivery. Write for new brochure, price 
list, etc., Portaway, 2 North Park Road, Harro- 
gate. Phone 3853. W 312 


SCRAP THERMOPLASTIC Nylon Polyethylene, 
etc. Buyers everywhere. Michael S. Stevens Ltd., 
Keswick Road Works, London, S.W.15. W 2601 





PATENTS 





THE OWNER of British Patent 
Improvements in or relating to the ‘‘getter’’ 
protection in high vacuum tubes or the like, 
desires to secure commercial exp'oitation of the 
invention in the United Kingdom, under licence 
or otherwise. Inquiries to W. H. ck, Greener 
& Co., 7 Stone Buildings, Lincoln’s Inn, W.C.2. 

W 1920 


No. 654896 


WELL-KNOWN FIRM of Precision Engineers 
and Instrument Makers (London area) are desir- 
ous of entering into a Licence Agreement or 
purchasing outright, Patents relating to electrical 
and/or mechanical devices of a Precision Instru- 
ment character, or of a consumer goods nature. 
Adequate capital and production facilities are 
available to develop, produce and market suitable 
devices. Communications should be addressed, in 
the first instance, to Major S. F. M. Neill, Louis 
Newmark, Ltd., Croydon, Surrey. 2172 





EDUCATIONAL 





CITY AND GUILDS (Electrical, etc.) on ‘‘NO 
PASS—NO FEE’’ terms. Over 95 per cent suc- 
cesses. For full details of modern courses in 
all branches of Electrical Technology send for 
our 144-page handbook—FREE and post free. 
B.I.E.T. (Dept. 337c), 20 Wright’s Lane, London, 
W.8. W 316 


FREE! BROCHURE giving details of course in 
Electrical Engineering and Electronics, covering 
A.M.Brit.I.R.E., City and Guilds, etc. Moderate 
fees. Write to E.M.I. Institutes, Dept. EE29, 
London, W.4. (Associated with H.M.V.) W 4953 


THE POLYTECHNIC, Regent Street, w 

artment of Mathematics and Physics, The 
following course of 14 lectures will be held on 
Tuesdays from 7-8.30 p.m. commencing on 7th 
January, 1958. Semiconductor Circuit Elements 
Application for prospectuses and enrolment form; 
should be made to the Director of Education a 
soon as possible. W 2599 


T.V. AND RADIO—A.M.Brit. I.R.E., City g 
Guiids, R.TE.B. Certificate, etc., on ‘‘No Pass 
—No Fee’’ terms, Over 95 per cent successes 
Details of Examinations and Home Training 
Courses in all branches of Radio and T.V. Write 
for we he handbook—Free. B.I.E.T. : 
337H), 29 Wright’s Lane, London, W.8. W {87 


UNIVERSITY OF LONDON, Department of 
Extra-Mural Studies. The following University 
Extension Courses will be held at Imperial Coj. 
lege, beginning January 1958: No‘se and Vibration: 
Their Analysis and Control for Human Comfort. 
Lecturers: R. . B. Stephens, Ph.D., A.R.CS. 
D.1.C., G. G. Parfitt, Ph.D., A.R.C.S., D.LC., 
of Imperial College. This course of eight lec. 
tures will be held at the Physics Department, 
Imperial Institute Road, South Kensington, S.W.7, 
on Tuesdays at p.m. beginning 14 January, 
Fee for admission 10s. The Physics of Clouds, 
Lecturer: J. Hallett, B.Sc., of Imperial College, 
This course of six lectures will be held at the 
Huxley Building, opposite the Science Museum, 
Exhibition Road, South Kensington, S.W.7, on 
Thursdays at 6.45 p.m. beginning 16 January. 
Fee for admission 10s. Applications for tickets 
and further information should be made to the 
Deputy Director (Ext. E.), Department of Extra- 
Mural Studies, Senate House, W.C.1. W 2649 





SERVICE 





ASSEMBLY AND WINDING’ CAPACITY 
Electronic Equipment Supervised by technicians 
experienced in modern technique applicable to 
computers, V.H.F. and high-voltage oscillatory 
circuits. D.T.V. Contracts Dept. 8 Lewisham 
Way, New Cross, S.E.14. TiIDeway 6666. os 

1758 


BROXLEA PRODUCTS, of course. See announce- 
ment page 172. W 1918 


FOR CONTACT STUDS, Pole Shoes Semi- 
Tubular and Special Rivets, Shouldered Pins. All 
orders promptly executed by S.B.W. (Coldhead- 
ing) Ltd., Sole Selling Agents: B.M.B. (Sales) 
Limited, High Street, Crawley, Sussex. W 1892 


GROUP OF EXPERIENCED Technical Writers 

undertake by contract to produce handbooks, 

oe ean etc., to ministry requirements. Box 
1930. 


METALWORK. All types cabinets. chassis racks, 
etc., to your own specifications. Phillpot’s Metal 
Works Ltd., Chapman Street, en 5 


TECHNICAL WRITING SERVICE. Specialist in 
preparation of instruction manuals for electronic 
equipment. Reasonable rates. Box W 1932. 


TRANSFORMERS, REWOUND OR BUILT to 
specification up to 10 000VA. Singly or quantities. 
Two years’ guarantee, early delivery. C.R.T. iso- 
lating transformers in stock. Nottingham Trans- 
former Service, 179 Wollaton Street, ee 





WANTED 





15 kW REDIFON or Radyne type E.C.H. unit. 
Input 400 volts 3 phase 50 cycles. Output 0-45 
meg-cycles. Whitefield Machinery & Plant Limited, 
Cobden Street, Salford, 6. Tel. P ’ 





BUSINESS OPPORTUNITIES 





TWO YOUNG ENGINEERS with offices in 
Genoa wish to get into touch with British manu- 
facturers of electronic devices with a view to 
securing representation for Italy. Advertisers have 
wide contacts in the shipping and industrial fields 
and have long experience with Radar and other 
electronic equipment, as well as installation and 
maintenance problems. Enthusiasm and business 
integrity guaranteed. Box W 1911. 
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SITUATIONS VACANT (Cont’d) 


















Opportunities 
for 


scientists and engineers at 


POWERS-SAMAS research establishment 


The continuing expansion of this leading Company in the accounting machine industry offers exceptional 
opportunities for scientists and engineers to engage in the absorbing work of designing and developing 


electronic, electrical and mechanical equipment for the world market. 


The vacancies are all for permanent, pensionable staff appointments at the Research Establishment at 
Whyteleafe, Surrey. Completed in March, 1957, the Establishment is one of the finest and best-equipped in 
Britain. It is in a most pleasant country setting yet is only some 35 minutes from central London by Southern 


Region to Whyteleafe South Station. 


Generally (and subject to any specific qualifications stated below), applicants should have an engineering 
degree, H.N.C., O.N.C., or similar qualifications, and previous shop and design experience in the electronic, 
electrical or mechanical fields. A five-day week is in operation and working conditions and amenities are 


those to be expected in a modern, well-equipped research establishment. 


Applicants should send a brief description of their qualifications and experience to the Personnel Officer at 


the address shown below. 








ado 4 OFS] 1 OnE 
ENGINEERING 
s 
Oo p e€ n l n g Ss Men with previous process 
planning and/or methods 
. t engineering experience both PRODUCT 
ex l Ss electrical and mechanical, IMPROVEMENT 
for liaison between research, 
f design and production. Senior and junior mechanical 
O r engineers with technical 
DESIGN qualifications, and design and 


production experience 

in light engineering to join 
DESIGN teams improving the design 
and performance of the 


‘Melciie7..a 


Senior Designers and 
Draughtsmen with experience 





in either the mechanical Mathematicians or others current ranges of machines. 
field or the electrical and with an aptitude for logical A knowledge of mechanism 
electronics field, for work on design and some knowledge design using modern techniques, 
design and development of of computer programming and an open enquiring mind, 
modern accounting machinery. for commercial accounting. are essential requirements. 


POWERS-SAMAS ACCOUNTING MACHINES LIMITED, Research Establishment, Whyteleafe. Surrey. 
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Senior and junior research 
engineers and physicists to engage 
in applied research in the field 

of Data Processing. Applicants 
should have a degree in electrical 
engineering or physics, or be 
Corporate or Graduate members of 
the I.E.E., or Associates or 
Graduates of the Institute of Physics. 
Applicants for senior positions 
should have some experience 

in digital computing or allied fields 
Vacancies also exist for 

Laboratory Technicians to assist in 
research and development 

projects. Applicants should have 
technical qualifications or 
experience in electronics or physics. 


ELECTRONIC ENGINEERING 
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COMPUTER ENGINEERS 


Elliott Brothers (London) Limited are 
fulfilling a large volume of orders for 
Computers 


New opportunities exist in this expanding enterprise for 
SENIOR and JUNIOR ENGINEERS, and TECH- 
NICIANS, particularly in the Commissioning, Instal- 
lation and Service Departments responsible for the 
electronic digital computers now being delivered by 
this Company. These posts cover a variety of work 
which involves some travel but is based at Boreham- 
wood. A knowledge of European languages will be 
useful for some of the appointments. Previous experi- 
ence of computers, though an advantage, is not essential ; 
full training is given on appointment. 


These appointments offer a progressive career in 
which prospects are linked with the growing use of 
these machines in industry and commerce. 


Please write to the Personnel Manager (ref. 162) at 


Elliott Brothers (London) Limited, 
Borehamwood, Herts., 
or telephone ELStree 2040, Ext. 305. 








ARMAMENTS DIVISION OF 


SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT LIMITED 


Applications are invited from suitably qualified Engineers 
for work associated with the installation of Electronic 
equipment in Australia. 


1. An Engineer with a minimum of three years experience in the maintenance 
of electronic equipment, such as service radar, radio or equivalent. He 
will also be expected to have reached a minimum standard of H.N.C. 
Preference will be given to applicants who are accustomed to maintaining 
liaison between various authorities, including members of the Services, 
and controlling the work of a small team engaged in installation and 
similar work. 

The successful candidate should be prepared to undergo a three months 
period of intensive training in the United Kingdom before proceeding to 
Australia where he will be permanently stationed. 


- Technical Assistants are also required to form a team and work under 
direct supervision of the Team Leader. 
If necessary, initial training will be given in this Country, and the team 
would stay in Australia for approximately three months, returning to the 
Coventry works after completion of the installation. 
Preference will be given to applicants of O.N.C. standard, holding a 
responsible position in the maintenance and installation of electronic 
equipment, and who are accustomed to working without direct super- 
vision. 


N 


These positions are permanent and pensionable and 
generous salaries will be paid. 


All applications will be acknowledged, and treated in 
confidence, and candidates invited for interview will be 
reimbursed for reasonable travelling expenses. 


Applications should be addressed to:— 
Technical Appointments Officer, 


Sir W. G. Armstrong Whitworth Aircraft Ltd. 
Baginton, Nr. Coventry. 


Quoting reference: G.T.E./AUS/4. 








THE WAYNE KERR LABORATORIES 


require 
ELECTRONIC ENGINEERS & DRAUGHTSMEK 


for development work in the following fields: 


ELECTRO-CHEMICAL AND ELECTRO-MECHANICAL MEASUREMENTS 
A.F., V.H.F., U.H.F. AND MICROWAVE MEASUREMENTS, 
INDUSTRIAL PROCESS CONTROL EQUIPMENT, PULSE TECHNIQUES, 


lent professional qualifications js 
duced by Th required, with several years’ experience 
Laboratories are finding increasing in the development of electronic 


intro- | 

outlets in a_ world-wide field of | instruments. For Junior _ posts 
| 
| 
| 


techniques 
i Wayne Kerr 


EASUREMENTS 


Laboratory and Industrial use. qualifications ranging from O.N.C, to 
Attractive and interesting positions Degree Standard are acceptable, 
offering scope for initiative and ability Draughtsmen are required to have 
are available for Senior and Junior experience in the mechanical design of 
Development Engineers and Draughts- Electronic apparatus. 
men. All appointments are permanent, 
For Senior posts a minimum of carry attractive salaries and qualify for 
Honours Degree Standard or equiva- membership of the Staff Pension Fund, 
Applications, which will be treated in strict confidence, should be addressed to. 
THE CHIEF DEVELOPMENT ENGINEER, WAYNE KERR LABORATORIES LTD., 
3, SYCAMORE GROVE, NEW MALDEN, SURREY. Telephone MALden 2202 





CATHODE RAY TUBE 
DESIGNER 


A Senior Physicist or Engineer is required immediately for 
the design of cathode ray tubes for use in colour television 
receiver systems. There are many unsolved electron optical 
problems in the systems under investigation and a suitable 
applicant would have the opportunity of working on his own 
initiative in close co-operation with circuit engineers, 
Previous experience in, gun design for cathode ray tubes is 
essential and a good degree is preferred. 


This position is permanent and progressive and carries 
entrance to Contributory Pension and Life Assurance Fund. 


Apply in writing quoting ref. No. D5110. 
to:— B. C. Fleming-Williams, 
Sylvania-Thorn Colour Television Laboratories Ltd., 
Great Cambridge Road, Enfield. 














PHYSICISTS AND 
ELECTRICAL ENGINEERS 


Progressive positions are open to qualified people of degree 
standard for work on development and manufacture of 
special radio valve and micro-wave devices. 


Initial training at the Research Laboratories of the G.E.C. 
will be available for certain selected candidates. 


Canteen, pension fund and social club. 


Apply quoting T/1 to Personnel Officer, 


THE M.O. VALVE CO. LTD., 
Brook Green, Hammersmith, W.6. 


Manufacturers of Valves for G.E.C. 











A SENIOR 
DEVELOPMENT ENGINEER 


is sought by our Guided Weapon Trials Division. The 

successful applicant will be experienced in instrumentation, 

rack layout and cooling techniques, and will be deeply 
interested in reliability and servicing problems. 


Applicants should send full details, in confidence, to the 


PERSONNEL MANAGER (Ref. 108B) 


DE HAVILLAND PROPELLERS LIMITED 
Manor Road, Hatfield, Herts. 
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SITUATIONS VACANT (Cont'd.) 








G. & E. BRADLEY LIMITED 


having expanded their Development and Production facilities, invite applications for the 
following appointments :- 

SENIOR DEVELOPMENT ENGINEER to undertake the design of electronic 
equipment under Government Contracts. 

SUPERVISING MICROWAVE ENGINEER to assume responsibility for the 
inspection, test and calibration of precision microwave equipment. This is a senior 
post, for which substantial practical experience is essential. 

MICROWAVE DEVELOPMENT ENGINEER to extend the Company’s micro- 
wave activities in the commercial field. This is a position of substantial technical 
responsibility. 

MICROWAVE TEST ENGINEERS (2 posts) to carry out measurements on 
waveguide and coaxial systems and components to a high degree of precision. 
Familiarity with such techniques is essential. 


TEST ENGINEERS (2 posts) for work on American equipment. The work is both 
varied and interesting and may lead to promotion to the Development Department. 


APPLICATIONS for the personal attention 

of Mr. D. P. Thurnell, Assistant Chief Engineer, 

to G. & E. Bradley Ltd., Neasden Lane, 
London, N.W.10. 








DEVELOPMENT ENGINEERS 
Instrument Company in South-East Essex 


as follows:— 
Zs. 


2. 


GUIDED WEAPONS 
A. V. ROE & CO. LIMITED 


OFFER POSTS IN THEIR 


WEAPONS RESEARCH DIVISION 


at 
GYROS Work on precision aircraft gyros, in- Ba 

volving occasional flight trials, for WOODFORD, CHESHIRE 
which applicants should be of at least for 
H.N.C. standard. 
Good practical mechanical experience 
is required, with some _ electrical 
knowledge. R.A.F. instrument ex- 
perience and/or previous work on 
servo mechanisms would be an 
advantage. 


ELECTRONICS Work on instrument servos 
and transistor circuits, requiring, pre- 
ferably, applicants of degree standard, 
although those with good general 
electronic experience of H.N.C. level 
would not be excluded. 


required by 


for laboratory development, 


and 


TRANSISTORS 
MAGNETIC AMPLIFIERS 
GYROSCOPES 


SERVO-MECHANISMS 
HYDRAULICS 
AIRCRAFT TURBINES 
ANALOGUE COMPUTERS 
DIGITAL COMPUTERS ENVIRONMENTAL TEST 
INSTRUMENT TEST 


Minimum qualifications desirable :— 


DEVELOPMENT ENGINEERS 


LABORATORY TECHNICIANS 


to work in the following fields of engineering endeavour:— 


ELECTRICS AND ELECTRONICS 


Initial salary based on experience and qualifications; 
progressive future prospects within generous salary 
scales. Superannuation scheme available. Location 
adjacent to Central Line and bus routes. 


Applications, giving full particulars of age, qualifications, 
previous experience and salary required, to 


BOX W-2586, ELECTRONIC ENGINEERING 
28 ESSEX STREET, STRAND, LONDON, W.C.2. 











Development Engineers: B.Sc. or H.N.C. or equivalent and 
some years’ relevant experience. 


Laboratory Technicians: O.N.C. Instrument Test Engineers 
(Male or Female): Inter B.Sc. or equivalent. 


Apply quoting Ref. WRD/GEN/RAS/E to: 


Personnel Manager, A. V. Roe & Co. Limited, 
Greengate, Middleton, Manchester. 
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SEMICONDUCTORS LIMITED 
TRANSISTORS MANUFACTURE 








This important Company is shortly to commence 
manufacture at their new Swindon factory. Applica- 
tions are invited in respect of the following appointment: 


SENIOR ELECTRONIC ENGINEER 


To be responsible to Chief Engineer and to be concerned 
with the maintenance of techniques associated with 
automatic assembly. In conjunction with other senior 
engineers (mechanical and chemical) he will be engaged 
on the improvement of existing techniques in the 
semiconductor field. 


An Honours Degree in Electrical Engineering or 
similar qualification is essential. Age limits 30-40. 


In addition, several years’ experience in the design and 
construction of electronic control and test gear is 
necessary, together with proven executive experience 
with reputable firms in the optical instrument, process 
control, radio, radar or computer industries. Appli- 
cants should be capable of designing and building test 
equipment for the environmental life testing of semi- 
conductors. Generous salary according to qualifica- 
tions. 


Applications, which will be treated in the strictest 
confidence, to Personnel Manager, 56, Vicarage Lane, 
Ilford, Essex. 





Servo Mechanism Design Group | 


REQUIRE 


SENIOR ENGINEERS 


to work on the following projects: 


A.C. Servo Motors, Tachogenerators 
and Synchros. 


D.C. Servo Motors and Precision 
Tachogenerators. 


VACTRIC (Control Equipment) LIMITED 
Brunel Road, London, W.3 








AIRCRAFT 
ELECTRICAL ENGINEER 


An experienced and suitably qualified Engineer is 
required to supervise the installation of Electrical 
Services and Systems in the Company’s Production 
Aircraft, at Radlett Aerodrome, Hertfordshire. 

Recent Aircraft experience is essential and applicants 
will be required to produce evidence of their Electrical 
Training. 


Write giving full details to Staff Officer 


HANDLEY PAGE LIMITED 
Cricklewood, London, N.W.2. 


he Ee 











FERRANTI, LTD. 
ELECTRONICS DEPARTMENT 


have the following vacancies for 


(1) — JUNIOR ENGINEERS for development work 
on MICROWAVE VALVES at the Company’s 
Wythenshawe, South Manchester, branch. A 
standard of approximately Higher National 
Certificate in Electrical Engineering is required. 


(2) A GRADUATE ENGINEER interested in pro- 


duction, for work on technical problems in the 
production of SEMI-CONDUCTORS at the 
Company’s Chadderton, Oldham, _ branch. 
Previous experience in the Semi-conductor 
field is not essential since an initial period of 
training in the laboratory would be provided. 


The Company has a Staff Pension Scheme and an 
Assurance Scheme for Dependants. 


Forms of application can be obtained from: 
T. J. Lunt, Staff Manager, 


Ferranti Ltd., Hollinwood, 
Lancs. 


Please quote reference PDH 1 or 2. 








TRANSITRON, INC. 
A Division of Van Norman Industries, Inc. 

186 GRANITE STREET 
MANCHESTER, NEW HAMPSHIRE, U.S.A. 
Manufacturers of Commercial and Militarized (Pre- 
cision Built) VHF-UHF Sweep & Signal Generators, 
Associated Electronic test Equipment & Components 

wish to appoint qualified 
Instrument Sales Representatives 
in the following countries : 


Europe: Overseas: 
UNITED KINGDOM AUSTRALIA 
BELGIUM INDIA 
DENMARK ISRAEL 
FINLAND PAKISTAN 
FRANCE NEW ZEALAND 
HOLLAND UNION OF S. AFRICA 
ITALY 

PORTUGAL 

SPAIN 

SWITZERLAND 

TURKEY 


We seek competent, technically qualified organizations 
with good contacts among all categories of potential 
users of our equipment. 


Write in detail—listing present principals to:- 


DIRECTOR OF SALES & MARKETING 
TRANSITRON, INC. 
A Division of Van Norman Industries, Inc. 
186 GRANITE STREET 
MANCHESTER, NEW HAMPSHIRE, U.S.A. 
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PLESSEY 
ASSISTANT CHIEF ENGINEERS 





The Plessey Co. Ltd., have vacancies at their 
Havant Works for Two Senior Engineers to act as 
Assistants to the Chief Engineer. Each will head a 
team of Design and Production Engineers and will 
be responsible for the design, production engineer- 
ing and planning of 

1. Switches 
2. Variable Capacitors 
for the Radio and Communications Industries. 

Applicants must have considerable experience in 
the design and application of these components in 
both Commercial and Ministry Equipment and 
should preferably have experience of production 
engineering of light mechanical assemblies. 


The posts carry considerable responsibility and a 
substantial salary will be offered to applicants with 
suitable qualifications and experience. 


Applications should be addressed to 


The General Manager, Plessey Co. Ltd., 
New Lane, Havant, near Portsmouth, Hants. 











ELECTRONICS & 
AUTOMATIC CONTROL 


_ Considerable opportunities exist in the machine tool 
industry for suitably qualified men with initiative and 
inventive imagination. Applications are invited from 
engineering or physics graduates to fill two senior 
vacancies in a research department which has been 
formed near Bedford. It is intended that this depart- 
ment will support and advance the activities of a group 
of engineering companies with substantial interest in 
the machine tool industry. 


Candidates should have an Honours degree and at 
least five years practical experience in either of the 
following spheres :— 


~~ 


. The design and evaluation of servo systems or 
components. (Particularly Hydraulic). 


. The development of computing circuits or 
methods of data handling. 


ty 


The work will entail, for example, the automatic 
control of machining sequences using modern data 
handling techniques and the advancement of existing 
techniques for ultimate use in the industry. 


Please address your application to:— 


The Director of Research, 
The Staveley Research Department, 





WUUEADEDEUED AANA SAU LALA TT AU LT EAEA EET 


TTT LCL SOLARTRON ee a 


—— AUTOMATION ——— 


SENIOR 
ELECTRONIC ENGINEER 


We are seeking an outstanding senior engineer with proven 
ability in original design work of an advanced nature in any 
of the following fields: 


Electronic 
Industrial Control equipment 


Electro mechanical devices 
Servo mechanisms 


He should have experience in developing electronic equip- 
ment from basic circuitry together with a working knowledge 
of production design requirements. 


Solartron is a young and vigorous organization with a 
programme of rapid expansion ahead, and offers excellent 
career opportunities. 


Although based initially at our Dorking, Surrey research 


laboratories, it will be necessary to move in about 9-months 
time to a new factory now being built at Farnborough, Hants. 


Please apply to: 
THE GROUP PERSONNEL OFFICER 


THE SOLARTRON 
ELECTRONIC GROUP LTD 


Queens Road, Thames Ditton, Surrey. 











ELECTRONIC ENGINEERS 


Are you interested in the type of job involving the 
development of a technique which is in the forefront of 
electronic progress? If so, there are a number of 
attractive appointments awaiting men with the right 
qualifications and experience. 


The work is associated with the development of a 
data processing system applicable to telemetry or 
industrial fields. 


These are senior positions of considerable interest, 
carrying unique opportunities for advancement. Appli- 
cants should preferably have a minimum of 3 years 
experience in research and development on electronics, 
servo mechanisms, or light current electrical engineering, 
together with a good degree and/or corporate member- 
ship of a senior engineering institution. 


Initial salaries are related to qualifications and experi- 
ence and regular merit increases ensure a growing 
income. In addition there is a generous superannuation 
scheme in operation. 


You will also enjoy the excellent working conditions 
of our new offices and laboratories, situated in pleasant 
rural surroundings but within easy distance of an 
important centre. 





Applications will be treated in the strictest confidence 
and should be addressed to:— 


BOX W-2585, ELECTRONIC ENGINEERING 





Clapham, 28 ESSEX STREET, STRAND, 
BEDFORD. LONDON, W.C.2. 
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SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED 
ARMAMENTS DIVISION 


The following personnel are required to fill interesting vacancies in the 
ANALOGUE COMPUTER GROUP 


ELECTRONIC ENGINEERS Applications will be considered from Senior and Junior 
Engineers between the age of 26 years and 35 years, with experience of radio com- 
munication, carrier telephone or radar display equipment. A knowledge of servo 
systems would also be advantageous. The desirable qualifications for these posts 
would be a University Degree, but candidates with an H.N.C. will be considered. 
DRAUGHTSMEN Applications will also be welcomed from Senior and Junior 
Draughtsmen with design experience of small radio transmitters, radio 
telephones, carrier telephone or radar equipment. In addition, practical 
experience of precision mechanisms would be an an advantage. 
The Armaments Division is situated in the midst of the Warwickshire country- 
side, and our newly built Design Offices and Laboratories offer excellent working 
conditions. 
The posts are permanent and pensionable and will afford considerable scope to 
applicants interested in making a career in this type of work. 
If you possess the appropriate qualifications and experience you are invited to 
apply, in the strictest confidence to:— ; 
TECHNICAL APPOINTMENTS OFFICER, 
Sir W. G. Armstrong Whitworth Aircraft Limited, 
Bagint Nr. C y- Quoting reference Comp/8& 











The Engineer 
BUYERS GUIDE 


1958 


CONTENTS 
Associations, Institutions and Societies connected with the 
Engineering Industry - Address Section - Telegraphic Addresses. 
Trade Names - Buyers Guide - U.K. Agents for Foreign 
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Instant 
Heating- 
Rapid 
Cooling 
Plus two 
Slender 
Wire 
Bits 

For 
Intricate 
Work 


NEW PICKSTONE 
LONG-LIFE ‘LONG-BIT’ 


SOLDERING IRON 


BRITISH-MADE, with a 6” reach for ‘inside jobs’, 
Capable joining copper-wire down to 14 SWG and 
soldering on to 18-gauge sheet steel. 3-second 
heating; rapid cooling for safe laydown. Long-life 
Bit has everlasting Alloy Tip which never needs re- 
tinning. Slender wire bit fitted in 10 seconds. 
SAVES ITS COST IN CONVENIENCE 


Guaranteed 12 months against faulty workmanship. 
Order from your usual dealer or send cash with order 


63/- direct to:— 

Complete. 100 Re E. PICKSTONE LTD. 

iss A Conly 56/60 Islington Park Street, London N.I., 
or Tel: CANonbury 6190 


usual voltages. 
























work forus: 


Whether your designs are on the back of cigarette 
packets or you have made full drawings, Winston 


Electronics can help you. We have a development 












Winston Electronics are A.I.D. and A.R.B. Approved. 


Please apply to: 


ELECTRONIC ENGINEERING 


staff capable of producing equipments from sketches 
or ideas and we have assembly and wiring personnel, 
male and female, for long or short term produc- 
tion. Our engineering staff are conversant with 
Servo Mechanisms, Instrumentation, Wave Guides, 
Communications or anything from 10 c/s to 10,000 
Mc/s. 


Commercia! Director, 


WINSTON ELECTRONICS LIMITED. Govett Avenue, Shepperton, Middlesex. 


Telephone: Walton-on-Thames 6321 
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A packet of 


SOLDERING SIMPLIFIED for } 
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= The frequency scales are logarith- 
Fo) mic and the frequency accuracy is 
@ approx. 1%. The harmonic 
= distortion is extremely small. 

=“ 

< An output attenuator, variable in 
= steps of 10 db makes the oscillators 
Zz well suited for measurement of 
= amplification. 

= Different matching impedances 
x can be chosen by means of an output 
- switch. 

oé 

. An automatic output regulator, 
= which can be controlled by an 
= external voltage, makes it possible to 
o 
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= The Beat Frequency Oscillator 
z Type 1014 

w operating at frequencies from 20 c/s 
oe to 20 kc/s and 

a 

« 

_ 

= 

~ 

ob 

w 

> 

a 

) 

= 

a 

< 

= 

z 

a 

(e) 

a 

& 

| 

= 

< 

— 

a 

> 

(4 

@ 

= 

a 

< 

= 

z 

—— 

ra) 

a 

& 

m1 

= 

a 

~ 

— 

Fa) 

a 

a 

ender 























The Beat Frequency Oscillator 
Type 1013 


operating at frequencies from 200 
c/s to 200 kc/s. 





keep the voltage, current, sound 
pressure, vibration amplitude or 
other physical quantities constant 
during measurements when the 
oscillator is used as power source. 
The regulation speed is variable in 
steps, and a change in output of 40 
db can be compressed to 2-3 db. 


The tuning capacitor can be 
driven automatically from an ex- 
ternal motor, for example the motor 
in the Level Recorder Type 2304. 


The Oscillators Type [013 and 
Type 1014 are furthermore equipped 
with frequency modulation, the 
frequency and modulation swing of 
which are variable. Provision is 
made for external modulation. 


All three instruments are equipp- 
ed with an accurate vacuum tube 
voltmeter for indication of the 
output voltage. 


The Beat Frequency Oscillator 


Type 1015 


operating at frequencies from 2 c/s 
to 2 kc/s with an additional fre- 
quency range from 2002 to 4090 c/s. 





Adr.: NAARUM, DENMARK .- Teleph.: NAERUM 500 - Cable: BRUK|A, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 57 Union Street, LONDON S. E. |. 
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WE ARE MANUFACTURERS OF A WIDE RANGE OF MATERIALS 


FOR THE ELECTRONICS INDUSTRY 
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SOFT MAGNETIC ALLOYS ( MU METAL BERYLLIUM COPPER to Specification DTD900 
igh permeability Nickel SUPERMU METAL 
nce | RADIOMETAL 2% Beryllium Alloy. For Springs, Fuse Clips, 
Iron Alloys for cores and SPECIAL 
laminations. aa RADIOMETAL Contacts, Meter Pointers and Valve Clips. 
: RHOMETAL 
High permeability 
CU BE250 h ti les $ anc 
Cichait-Venatiom Tron High tensile strength and fatigue resistance. 
Alloy with high saturation PERMENDUR Beryllium Copper Alloys of other compositions : 
for lightweight generators. J are available for special requirements. sy 
¥ 
TELCON THERMOSTATIC BIMETALS ; 
Rectangular hysteresis in various grades for instrument protection and 
Loop Nickel-Iron Alloy HCR ALLOY compensation and overload protection of motors, 
for magnetic amplifiers : 
and reactors synchros and similar electrical devices. 
Typical characteristics of Telcon Thermostatic Bimetal i 
em ane amma ssi nn nin ese tie ely ek a alta : | 
| Deletes |. Resisivity | Range of Useful | | 
DUCTILE HARD VICALLOY ype per °C a ciiainieciies —— 
MAGNETIC ALLOY Permanent (d) Pee ms... a 
magnet alloy of Bimetal 140... | 14.0 « 10-* 76 20-230 —70 to 350 
Cobalt-Iron- Gustin ant wer Bimetal 400... | 12.0 x 10-8 70 | 70-320 | —70to 400 
Vanadium Alloy Bimetal 15...) 9.5 10-* 16.7 20-160 —70 to 220 | 
chinable quality. Bimetal 75...) 6.8 10-8 57 150-460 —70 to 550 | 
* The deflection constant (d) is defined as the deflection of a strip of unit length and unit 
All alloys available in strip, rod, bar and wire thickness for each °C rise in the temperature over the linear part of the deflection curve. | 


New additions to the TELCOWN range of 


MUMETAL SHIELDS 
for Cathode Ray tubes 


Precision Cathode Ray Tubes demand 
perfect screening. Telcon’s high permea- 
bility low-loss magnetic alloy MUMETAL 
has proved in practice to be many times 
more effective for this purpose than any 
other material of equal thickness. 








Teicon No. T.24 >} Mask No 
2th Century S5AB510 | 
Telcon No.G.17 { S.I.C. 5965 
G.E.C. 5BHP1 J 
The Telcon Metals Division is pleased to 
announce that it has now in production a 
standard range of MUMETAL Shields for 
Cathode Ray Tubes of the more popular 
types made by leading manufacturers such 
as CINEMA-TELEVISION, COSSOR, EDISON- 
SWAN, ELECTRONIC TUBES, G.E.C., MULLARD 
and 20TH CENTURY ELECTRONICS LTD. 
Details and drawings are available on 
request. Special Shields can be made to 
customers’ specifications. 





Teicon No. E.T.4 ) 
Electronic Tubes5BKP1 ; Mask No. 
Telcon No. E.T.5 ¢ S.1.C. 5965 
ElectronicTubesS5BUP1! | 


5BVP1 JD 


Rubber Masks are available from The 
Standard Insulator Co. Ltd., Camberley, 
Surrey, for use with these Mumetal 
Shields. 


Enquiries to : 


THE TELEGRAPH CONSTRUCTION AND MAINTENANCE CO. LTD 
Metals Division, Telcon Works, Manor Royal, Crawley, Sussex. Telephone Crawley 1560 
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THE VALVES FOR J BAND OPERATION 


epee —— SSS —— ——— 
a ———S 


alec 


= —_ENGLISH ELA ELECTRIC ad 


=A 






























MAGNETRON TYPE M555 
This is a new packaged magnetron for 
pulse operation in J Band with a peak 
input power rating of 240 kW. Par- 
ticular care has been taken to 


__ produce a compact, rugged valve 
’ &s\ for air-borne applications. 
| 






THE M555 
can be supplied for fixed 
frequencies within the range 


14,000 to 





16,500 Mc Sy, 
KLYSTRON TYPE K343 


This is a low voltage reflex klystron for 

J Band operation with a minimum power 

output of 20 mW at 350 volts. The moulded 

KLYSTRON TYPE K346 base and flying leads specially commend it for 

This is generally similar to type K343 with mech- high altitude operation. It has mechanical tuning 
anical tuning from 14,500 to 17,000 Mc/s. covering the range 12,000 to 14,500 Mc/s. 


Both these klystrons, which may be used in conjunction with the M5¢§5 or in other 
J Band applications, have 30 to 80 Mc/s electronic tuning. The output connections 


are American type UG419/U feeding into No. 18 Waveguide. 





Chelmsford, England 
Telephone: Chelmsford 3491 


AP/95 
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where quality counts 


We refer of course to Rivlin Resistors. There are, you will agree, certain FS 
things requiring no explanation, such as maces, chains of office and that 
sort of thing. ‘Gentlemen, please, we are in the presence of ...”’ Well, * 
why not a Rivlin Resistor? After all a lot of hard work, brains and skill 
have gone into creating Rivlin Resistors. A tradition of service and 
quality have grown up with them. Like the other things mentioned, * 
Rivlin Resistors are invariably excellent, perfectly stable, and their dis- 
tinguished qualities are commonly recognised and respected. In short, *% 
we would have you know that, where quality counts, Rivlin is simply * 


another word for the best. 


REV LEN veccisios 


 RIVELIN 








RIVLIN INSTRUMENTS LIMITED 
DOMAN ROAD, CAMBERLEY, SURREY 
Telephone: CAMBERLEY 2507/8 

London Office: Tel. Swiss Cottage 3038 
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WIREWOUND 


INSTRUMENTS LIMITED 


_ ELECTRONIC ENGINEERS. 4 





0.1 per cent or +0.0! Q 
whichever is the greater. 


Accuracy up tu 


All values available in the range 0.1 Q to 3 
Megohms with a temperature coefficient of 
0.002 per cent °C. 


Standard ratings; }W, 4W, and IW. 
Low-Inductance windings available in most sizes. 


Special Types, and American 


equivalents to order. 


higher’ ratings 


RESISTORS 
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Q to 3 


ient of 

what, no nuts?... 
st Nuts to use nuts? Well, not exactly, but the fact that 
— the Tapping Screw obviates the use of nuts is just one of 


its distinct advantages over the conventional Machine Screw. 
There’s the saving in time to consider too. And cost. 

And there’s no doubt whatever that the tapping screw 

makes for a better job all round. With its self-locating 

point the tapping screw forms its own thread thereby 

IRS eliminating a separate and expensive tapping operation. 
Obviously it makes for easier assembly, is stronger, cheaper 
and faster. Safer too when the Phillips recessed head is specified, 
designed for power driving without damage to worker or job. 
You'll be well advised to change over to Tapping Screws. 
Nothing nuts about that ! 









Linread 


LINREAD LTD. COX ST. BIRMINGHAM 3 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS + HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 
AIRCRAFT BOLTS, SCREWS AND RIVETS + SEMS + RIVNUTS + CUSTOM DESIGNED COLD FORGED FASTENERS «+ ALEX SCREWPLUGS. 
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TRANSFORMERS 
HADDON LIMITED 


MASONS AVENUE - WEALDSTONE - HARROW: MIDDLESEX | 





HARROW 9022-5 
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POLYTETRAFLUOROETHYLENE 


SPRAY COATING 
DISPERSIONS 


*Fluon’ p.t.f.e. spray coating dispersions give excellent non-stick, non- 


wetting, and low friction surfaces when applied to metals, glass and 
ceramics. 
This range of dispersions comprises: 
‘Fluon’ p.t.f.e. Dispersion Primer P.I. (Solution A). 
Acid Solution B (for use with ‘Fluon’ Dispersion Primer P.I.) 
‘Fluon’ p.t.f.e. Dispersion Clear F.1. 
‘Fluon’ p.t.f.e. Dispersion Black F.lI. 
‘Fluon’ p.t.f.e. Dispersion White F.1. 
They can be applied by spraying, dipping or brushing to a wide 
variety of base materials. 

P.t.f.e. is the best of the non-stick materials and its very low 
coefficients of static and dynamic friction are equal and about the 
same as wet ice on wet ice. 

The uses of dispersion coatings are manifold. They range from 
the handling of foodstuffs to mould release for rubber tyres, and 
from a low friction coating for mechanical cables to a non-wetting 
surface for ceramic insulators. 


oe oe Oe © Oe ae 


‘Fluon’ is the registered trade mark for the 
polytetrafluoroethylene manufactured by 1.C.1. 


IC] 














IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON 
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A COMPREHENSIVE RANGE OF REGULATED OPEN CHASSIS SUPPLIG 


WITH THE FOLLOWING FEATURES - 


\| 


OMISSION OF CHOKE—resulting in ability to operate down 
to zero current with complete stability—freedom from transient 
voltage surges due to shock loading—miniaturised units. 


CONSERVATIVE RATING—all units are guaranteed to main- 
tain stability for + 10° mains variation. The majority will operate 
to at least —15%. 


LONG LIFE—Iinter Services approved paper condensers used 
throughout. Adequate derating of series valves where more than 
one is used. 


FREEDOM FROM DRIFT—exclusive use of double triode 


difference amplifiers in feedback circuit ensures long term stability. 


IMPEDANCE CONTROL—a preset potentiometer allows for 
smooth adjustment of impedance from positive to negative values. 
Can be used to offset the impedance of a series milliammeter. 































































































MODEL |r| AC. ourpurs | EFFECTIVE | VOLTAGE | Ripe SIZE Presa 
M23 +150V | 0-50mA | 6:3V2A&63VIA} <01Q | <0-02% | <ImV |6”x54"x5}’ht. | £30-0-0 
M23A +200V | 0-50mA | 63V2A&63VIA} <0-1Q2 | <002% | <ImV |6’x54"x5}”’ht. | £30-0-0 
M33 +250V | 0-50mA | 63V2A&63VIA} <01Q | <002% | <ImV |6"x5)"53"ht. | £27-10-0 
M24 +150V | 0-100mA | 2x6.3V 3A C.T.]| <O1IQ | <002% | <ImV | 73" 6?" 6}’ht. | £33-10-0 
M24A +200V | 0-100mA | 2x63V 3A C.T.}| <0-1Q | <002% | <ImV_ |73" 6?" 6}"ht. | £33-10-0 
M34 +250V | 0-100mA | 2x63V 3A <O1Q | <0-02% | <ImV |73”"x6}"x6}’ht. | £33-10-0 
M34A +300V | 0-100mA | 26-3V 3A <O0:1Q | <0-02% | <ImV |73”"x6}”x6}’ht. | £33-10-0 
M25 +150V | 0-200mA |2x63V 3A C.T.]| <O1Q | <002% | <ImV | 83"x8}"53”ht. | £52-10-0 
M25A +200V | 0-200mA |2x63V 3A C.T.| <010 <0-02% <ImV_ | 83" 84" 53”ht. | £52-10-0 
M35 +250V | 0-200mA | 2x6-3V 3A <O0:1Q | <0-02% | <ImV |8}’x8}"x53”’ht. | £52-10-0 
M35A +300V | 0-200mA | 2x63V 3A <O1IQ | <0-02% | <ImV |8}"x8}"x53”ht. | £52-10-0 
M36S +250V | 0-500mA | 2 63V 5A <O1Q | <0-02% | <ImV | 14x 114" 8}"ht.| £88-0-0 
M36SA | -+300V | 0-500mA |2x63V 5A <OIQ | <0-02% | <ImV | 14’x 114" 8}"ht. | £88-0-0 | | 
M38 +250V | 0-350mA | 263V 5A <0:1Q | <0-02% | <ImV | 13}”x83”x63”ht.| £66-0-0 | | 
M38A +300V | 0-350mA | 263V 5A <O1IQ | <0-02% | <ImV | 134" x83" x 62’ht. | £66-0-0 
ALSO made and guaranteed by : 


TYPES M36/36A +250/300V at 0.5A 
M37/37A -+250/300V at 1.0A 
With 19” panels for rack mounting. 





ROBAND 














AND 
A RANGE OF TRANSISTOR STABILISED SUPPLIES 
for transistor applications. ELECT RONIC S L IMITE D 
33 Mountgrove Road, Highbury, N.5. Telephone: CANonbury 458! 
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(Type FU Continuously variable) 


LOW NOISE 300 MEGOHM INPUT 
RESISTANCE PRE-AMPLIFIER 


(Type NMA 3) 


Pe Pee ee he aap ” _— 





Type Fu (Mk. 3) 


@ Band edges continuously and independently variable over the entire range of 1.9 to 
21,000 c/s. 


@ Zero insertion loss 

@ High input and low output impedance 

@ Handles up to 10 volts RMS 

@ Constant rate of cut-off 24 DBS/Octave 

@ Standard rack mounting or cased (as shown) 

@ Can be set for }, }, or full octave analysis, or for any other bandwidth anywhere in the 


spectrum. 


A LOW NOISE PRE-AMPLIFIER HAVING A 300 MEGOHM INPUT RESISTANCE IS NOW 
AVAILABLE. IT IS PARTICULARLY SUITABLE FOR RAISING THE VOLTAGE LEVEL OF 
VIBRATION PICKUPS, ETC., TO A SUITABLE VALUE FOR FEEDING INTO THIS FILTER. 


This very successful instrument is to be found in the most improbable places; it has been used for 
such purposes as research into better packaging methods, and for the isolation of waveforms 
emanating from the human body during a delicate operation. Many are in use in Technical Colleges 
and Universities, in industry for noise/vibration analysis, and noise isolation, in Government, 
Ministry, and DSIR establishments, in motor-car factories, bearing factories, and on the premises 
of electronic and electrical instrument makers; also in similar organisations overseas. 


Available on a sale or return basis for approved clients. 


A. E. CAWKE LL e cectronic ENGINEERS, 


6/8 Victory Arcade, The Broadway, Southall, Middx. tel: sou 3702/s881 
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lf it’s a 


The L.F.51 with wooden 
ends, removable for use 
in the 19 in. rack. 


One of the six plug-in units. 


Technical Data Sheets available on request. 


DECEMBER 


1957 
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stiof flexibility... 


the Kia aZelvi@ L.F.51 


low frequency wave-form generator 



















leads the World! 


he L.F.51 is an all-British Function Generator of patented design giving 
p flexibility that has not even been approached by any other instrument. It 
as now been in production for nearly two years and has been widely 
adopted for driving analogues and real systems in the United Kingdom 
and abroad. (Exports, including U.S.A. account for over 25°% of sales.) 


7 different waveforms can be generated 


SINEWAVES (500C/s down to 1 cycle every 33 minutes) 
SQUARE WAVES AND PULSES 1008 to 1,000 secs. 

rise time 5S). 

RAMPS (lasting 1 millisecond to 1,000 seconds). 
Single or repeated pulses of square, triangular, sawtooth, cosine, 
Mrapezium shape, sine squared, etc. 

With modification of 1 unit, a variety of non-standard shapes can 
| be simulated in either single transitions or pulses, e.g., Gaussian. 
/ VOLTAGE 150 volts to less than 100 microvolts peak to peak. 
LOAD current up to smA peak. 

% internal stabilised supplies, to maintain frequency and 

mplitude calibration. 

lug-in construction for ease of servicing and compactness. 
™pecial synchronising circuit to trigger CRO etc., in 

pedvance of output wave. 

MPecade frequency setting. 

“Balanced (reversing) output. 





“Servomex Controls Limited - Crowborough Hill - Jarvis Brook + Sussex - Crowborough 1247 
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by Appointment to the Tropessional Engineer 


HIGH STABILITY 
— CARBON RESISTORS 









TYPE 76 





TYPE 75 


TYPE 74 


TYPE 73 


TYPE 72 


ELECTRICAL CHARACTERISTICS 
The electrical characteristic of a High Stability Carbon Resistor depends upon the 
physical size of the units and upon the ohmic value. All the data given below relates 
to the Type 73 Resistor. To obtain the equivalent ohmic values to which the . 
information is applicable in the other four sizes of Resistor the following factors 
should be applied : 


































































































Type 72x 4 Type 74x 2 Type 75x 4 Type 76x 8 
yp 3 
FULL LOAD STABILITY 
Up to 100 K.ohms the resistance change at full load DERATING FOR AMBIENT TEMPERATURES EXCEEDING 70°C, 
with an ambient temperature of 70°C. is less than 
0-75%, (average 0-25%) after 1,000 hours operation. WATTAGE RATROM ROL 112 —— COMMERCIAL DERATING CURVE 
Aci ‘Megohm. the change is less than 1% (average 44 ‘ ) 
075%). i 
N.B. On D.C. loading the maximum voltages <S 2 
stated in RCL 112 should be observed. 1 NS 
x 
AGEING AND SHELF DRIFT. foo Ke, 
Up to 100 K.ohms the average change is 0-25% in Ne aN 1 
12 months (never greater than 0-75%). For | i ” 4e 
Megohm resistors the average change is 0-6% in 12 ia 2 <5, ~ 
months (never greater than 1-25%). < "Yn N <i 
2, 
CLIMATIC . $ he hep —t XY $ 
Exposure to the two cycles of H.!. humidity as laid 4 Tree IN rt 
down in .RCS 112 shows a change of less than 0:7% : IN 
(average 04%) up to 100 K.ohms. At | Megohm t RC2W¢ Ty KOSA 
the change is less than 1% (average 0-7%). PE 72 = + 
TROPICAL EXPOSURE ———— 
Eighty-four days. exposure to the standard 25°C./ 
3c. 100% humidity cycling shows a change of less no eo np enmee wwe Hee = oo 
than 1% (average 05%) up to 100 K.ohms. At | AMBIENT TEMPERATURE (DEGREES C.) AMBIENT TEMPERATURE (DEGREES C.) 
Megohm the change is less than 2% (average !-6%). 
RESISTANCE VALUES OUTSIDE THIS RANGE MAY 
TEMPERATURE COEFFICIENT TYPE RANGE (ohms) BE QUOTED FOR SEPARATELY. 
The temperature coefficient is less than —— 
up to 100 K.ohms. At | Megohm the coefficient 149 sai ) om $4 +59 — 2 
is approximately 0-055%/°C. “= Same 22% 4m im +5% 4 _ 
NOISE 73 +1% 4—1-0M +2% 4—2:0M +5% 4— 50M 
Noise which is generated in a resistor, as the ys xh San £2% 20-40" — Pie 
one of a direct voltage applied across it, varies 75 +1% 20—3-0M £2% 20—5-:0M +5% 20— 100M 
according to the ohmic value of the resistor, the 
noise decreasing as the ohmic value increases. The 76 £1% 20—55M +2%, 20—9-0M +5% 20—50-0M : 
noise is also influenced by factors such as the size 
of the resistor. ni TPs = 2 = a = 
For noise which falls within frequency range of 0 selene agscobciey t 4 i | 2 
to 10 Ke./sec., the Painton high stabilit sates aS ee - 
have noise levels which are between 0-05 and 0-4 R.C.S.C. style RC2-E RC2-D RC2-C RC2-B RC2-A 
microvolts of noise per applied direct volt, when 
the resistor is dissipating power at its maximum R.C.S.C. Rating | 
° t 4 i y 4 
wattage rating. at _70°C—watts 
VOLTAGE COEFFICIENT R.C.S.C. Rating 
4 
Not exceeding 0:002% per volt D.C. Se : : - , : 
A : tt Ye 8 2Ys 
DIMENSIONS | — - - a 
IN INCHES }— - 7 = 7 - 
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COSSOR 
OSCILLOGRAPHS 


Trial-and-error methods of 


fault evaluation are outmoded, 
inaccurate and expensive. 

With a Cossor Oscillograph, the 
modern Engineer is armed 

with an instrument that will 
display, measure and time the 
action of his electrical or 
mechanical machinery with 
precision, speed and certainty. 
It is worthwhile, therefore, to 
investigate the possibilities of 
these versatile instruments in your 
Industry by writing to: 


CO S Ss () R INSTRUMENTS LIMITED 


The Instrument Company of the Cossor Group 
COSSOR HOUSE - HIGHBURY GROVE - LONDON, N.5 
Telephone: CANonbury 1234 (33 lines) Telegrams: Cossor, Norphone, London Cables: Cossor, London 
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NAGARD MODEL DT 103 


























Facilities for 
single shot or 
continuous film 
recording 


A new type of double gun CRT with negligible distortion 
gives accurate alignment of the two traces in any position 
in both axes. On the X axis a direct reading time base with 7 
continuously variable sweep speeds calibrated within 2%, | 
covers a wide range from 20 seconds to 200 ysecs. per © 
10 cms. Sweep expansion may be applied to either one or 
both beams for examining waveform details. Reliable and | 
sensitive triggering from 50 mV upwards. External beam 
brightening for photography. 


Two identical Y amplifiers each with a gain of 100,000. 
Bandwidth—D.C. to 100 Kc/s(— 3dB)—Risetime 2.5 jasecs, 
Balanced high discrimination inputs—low noise and grid 
current. 


Y SENSITIVITY 250 pV per cm. 


Voltage measuring facilities by simple direct method 
within 5% accuracy. Lissajous displays with equal X-Y | 
conditions. 


Ideal for ELECTRO-PHYSIOLOGY, VIBRATION 
STUDY, SERVO MECHANISM DEVELOPMENT, 
VERSATILE AND ACCURATE FOR THE MODERN 
LABORATORY. Used by the leading Universities, 
Aircraft firms and many Government laboratories. 





Right : 20 pV R.M.S Sinewave 
one trace expanded—showing 
noise level at maximum gain. 


: 
i 
i 
i 
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Ask for Data Sheet 2570 from 


ARD 


BELMONT - SURREY 


: VIGilant 9161 2 


NAC 


maa 


18 AVENUE ROAD 


NOW AVAILABLE WITH THE 
NEW TROLLEY MOUNTING, 


which provides means for attachment of associated gear, and 
adjustable viewing angle. 





Illustrated attachments are:—Model 2701 High Discrimination Pre- 
Amplifier providing up to 10,000 : 1—adjustable to suit input conditions. 


Model 2502 Electrometer Stage providing 10,000 megohms input 
resistance. 


Writing Desk attachment with storage for small accessories. 


Single Shot or Continuous Film Cameras are available, the trolley being 
arranged to facilitate their attachment and storage. 
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MINIATURE 


RECTIFIERS 


DECEMBER 


1957 


Write for details to :- 


DEPT. E.E.12, WESTINGHOUSE BRAKE & SIGNAL CO. LTD., 
82 York Way, Kings Cross, London, N.|. 
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KASAMA LABORATORY INSTRUMENTS 





PULSE GENERATOR TYPE 2/301A 


i i ee ie i i 


Produces single or double pulses or square waves. 
Internal oscillator: 10 c/s to 100 Ke/s. 

Pre-pulse output. Preceding output pulses by a variable delay of | to 
100 us. 

Double pulse separation: 0 to 100 us. 

Pulse width: 0.3 us to | ms. 

Pulse or square wave amplitude: 0 to I00V. 
Output impedance: 75 ohms or 1,000 ohms. 
Gives positive or negative pulses. 

Rise and fall times 0.03 ys. 

Can be synchronised or triggered. 





PULSE GENERATOR TYPE 301A 





Produces positive or negative 
pulses or square waves. 


Pre-pulse Output: |0V. 
Delay: | to 100 us. 

Pulse width: 0.3 us to | ms. 
Pulse amplitude: 0 to |00V. 


Rise and fall times: 0.025 us. 
Can be synchronised or triggered. 


Oscillator Frequency: |0 c/s to 100 Kc’s. 


Output impedance: 75 or |,000 ohms. 

















RANGES : 


TRANSISTOR ANALYSER TYPE RKI 


Complete characteristics of any P-N-P transistor or 
junction diode can be measured. 


Collector voltage: 0 to —| or — 6. 
Collector current: 0 to 5 amps. 
Base voltage: 0 to — } Volt. 

Base current: 0 to } Amp. e 


MEASUREMENTS : 





monitored. 


Collector turn-over voltage: 0 to — 200 Volts. 
Collector leakage current: 0 to > |ImA. 
Grounded Emitter Current gain: 0 to > 1,000. 


All voltages and currents are continuously variable and 








STABILISED D.C. POWER SUPPLIES FOR 


TRANSISTOR WORK. 





TYPE 


2A 50 


V50-025 





OUTPUT OUTPUT RIPPLE | VOLTAGE | OUTPUT 
VOLTAGE CURRENT & STABILISATION IMPEDANCE 
NOISE 
0 to 50V 0 to 2 amps ImV 0.1% 0.01 ohm 
A +0 to 50V 0 to 250 mA 500 nV 0.1% | 0.01 ohm 
B +0 to 50V Oto 250 mA | 500 nV 0.1°, | 0.01 ohm 















TYPE 2A/50 


We manufacture a large range of D.C. stabilised power supplies. 


KASAMA ELECTRONICS LTD. 





ILEX WORKS, 10, NORTHWOLD ROAD, LONDON, NI6 : : 
Telephone: STAmford Hill 3513 C 
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Punch Press Piercing Speed 
—no set-up—no layout 









or or 
| British-built WIEDEMANN 
ae er, lurret Punch Presses 
Start saving now by the Wiedemann method. 
F From 12 to 32 interchangeable punches and dies 
e an 


can be readily mounted in the turret and the 
required punch instantly indexed to the working 
position. Punches of any shape or size can be 
supplied. There’s a complete range of machines 
—hand as well as power—to 
cover all piercing requirements 
up to 160,000 Ib. Hole location 
by simple ‘ pip’ method, panto- 





Send now for details 
of the WIEDEMANN method — 


or better still—time studies of your own 





graph table, or direct measure- 
ment from gauge table. 





piercing jobs 










DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W. 14 


Telephone WESTERN 8077 (8 lines) Telegroms ACCURATOOL HAMMER LONDON 
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Model ‘C’ 


0—0.9 db in 0.1 db steps 
75 ohm characteristics im- 
pedance 


D.C. Adjustment - Accuracy 
The insertion loss error will not 
exceed + 0.002 db per step. 

High Frequency Performance 
At 50 Mc/s the insertion loss error 


for 0.9 db setting will not exceed 
+ 0.015 db. 


For other settings this limit falls 
linearly to a value of + 0.006 db 
at the 0.1 db setting. 


This attenuator forms part of the 
74600 series. 





Model A 0—9 db in 1 db steps 
Model B 0—90 db in 10 db steps 
Model G 0—0.9 db in 0.1 db steps 


£950 


OR COMPLETE SET, MODELS A, B & C £72 


Quantities of |2 or more 
subject to discount 


AVAILABLE FROM PRODUCTION 








Standard Telephones and Cables Limited 





TO THE 


Srondord — 
lush Bulfm 





1] 
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{ 
| 


manne ac ome 


attenuator 


i RANGE 


x ote 





Registered Office : Connaught House, Aldwych, London, W.C.2 Py b 


TRANSMISSION DIVISION: NORTH WOOLWICH . LONDON E.16 
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A boss at the top of the tree 


(He’d started by making the tea) 


Said “All of my thanks 


For my rise from the ranks 
Go to Lorival who give us battery makers 
a wonderful service which includes the 
supply of hard rubber starter-battery 
containers, industrial battery boxes, 


lids, finned tubes and vent plugs.” 


hu \ chef who was known 


far and wide 
For the dishes he cooked 
with some pride 
Accepted with glee 
From I’ Academie 
A gold medal which he promptly presented 
to Lorival’s lively lads for their 
magnificent measuring cup which was 
cleverly injection-moulded in Polythene. 





UNITED EBONITE & LORIVAL LTD., LITTLE LEVER, NR. BOLTON, LANCS. PHONE: 


DECEMBER 1957 (c) 


There once was a hotel 

in Tring 
Whose bathroom was in 

the East Wing 

The wind—such a pest 
Chilled the bones of each guest 

Until a visiting plumber decided to fit 

an attractive, economical and 
effective Lorival PVC sealing strip 

between the bath and the wall. 


ea ee = 
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To the barman who 
poured him a gin 
An engineer said 
with a grin 
I must say, old boy, 
This liquor though joy 
Is actually not half as useful as those 
pourable liquid rubber and rubber 
compounds by Lorival for which more and 
more industries are discovering more 





and more uses. 


FARNWORTH 676 
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TYPE VA 25s/ 


The Sortex G.2. Electronic Separator 
illustrated by courtesy of 


R. W. Gunson (Seeds) Ltd. incorporates 





‘Cintel’ photocells and is 

just one of the many examples 
of the use of ‘Cintel’ cells 

in industrial equipment. 


In fact there is a ‘Cintel’ cell for 


» ROR RR eee OPTI Ee 


almost every known application. 





PHOTO 
CELLS 
IN ACTION 


la. 





% over 100 cell types in the current catalogue 


Full data on request. 


WORSLEY BRIDGE ROAD 
LOWER SYDENHAM -LONDON:-SE26 


A Company within the Rank Organisation Ltd. HITHER GREEN 4600 
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The range of Cinch ‘‘J’’ type plugs 
and sockets includes 4, 8, 12 and 
20 way types. Both plugs and 
sockets are suitable for cable 
connecting or for inter-chassis 


type connection as unitors. 


The specially designed contacts 










each have 12 resilient fingers which 


‘plugs and engage with the corresponding plug 
. blade, resulting in high electrical 








efficiency matched by consistent 
smoothness of operation. 





| TSS 9.7 iOS eae — 








Suitable for soldered or wire-wrapped connections 














CARR FASTENER CO LTD : STAPLEFORD : NOTTINGHAM 
Leafiet 4331 with full technical data available on request to representatives: 


THE BENJAMIN ELECTRIC LTD - TOTTENHAM - LONDON N.17 
Telephone: TOTtenham 9721 - Telegrams: Benjalect, Southtot, London 


Smee's 114 
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PRODUCT OF UNION MINIERE DU HAUT-KATANGA| 


























Manufactured by 








monpum n—-zon4omrms 








SOCIETE GENERALE 

METALLURGIQUE 1é Gel 3 att 

de HOBOKEN (Belgium) mo +) ee Genera 
we t: HogBoké 

General Sales Agents : a may i 


SOCIETE GENERALE DES MINERAIS, 3! rue du Marais, Brussels 


Sold in United Kingdom by 


BRAN DHURST Co. Ltd., Vintry House, Queen Street Place, London, E. cA | ‘a 


Telephone : Central |4/11* 
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Materials for electrical 
insulation... 





sujoely thitn ol 





“PAXOLIN” and “* PANILAX” 


THE MICANITE & INSULATORS CO.,LTD., 


The Micanite & insulators Co. Ltd. Empire Works, Walthamstow, London, E.I7. Phone: Larkswood 5500. Telegrams: Mytilite, Easphone, London. 


DECEMBER 1957 37 ELECTRONIC ENGINEERING 

















E|LIOTT 


MICROWAVE 
INSTRUMENTS 


Elliott Brothers (London) Ltd. have had many years 
experience in the development and manufacture of 
precision microwave components and _ systems. 
Continuous research enables the latest techniques 
to be applied to all Elliott instruments so that the 
Microwave Engineer is offered equipment of the 


highest standard of quality and accuracy. 


An advisory service on all aspects of microwave 
measurement is available and research and develop- 
ment work can be undertaken. Enquiries are invited 


on your particular problems. 


MICROWAVE DIVISION, ELLIOTT BROTHERS (LONDON) LTD., 


ELSTREE WAY, BOREHAMWOOD. HERTS. TELEPHONE: ELSTREE 2040 
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RADIO FORESIGHT - 





with BAKELITE Copper-Clad Laminated 


TRADE MARK 


The problem of fitting high performance Radar into 
a compact and lightweight unit suitable for almost 
any ship has been successfully solved in the Kelvin 
Hughes type 14 Marine Radar. An important 
contribution is the extensive use in the Power and 
Display units of printed circuits produced from 
BAKELITE Copper-Clad Laminated Materials. 

Today printed circuits on BAKELITE Copper-Clad 


BAKELITE LIMITED 


B 
CO 


REGD. 


12-18 GROSVENOR GARDENS LONDON SWI- SLOane 0898 


DECEMBER 1957 


Laminated Materials, either rigid or flexible, are 
finding new applications throughout the Radio and 
Electronics industries. They allow more freedom and 
precision to the designer, reduce production time and 
costs for the manufacturer, and give the customer 
a lighter, more compact and reliable instrument. 

Write today for a copy of “ Copper-Clad 
BAKELITE Laminated for Printed Circuits”. 





Bakelite Limited manufacture an extensive range 
of plastics materials and maintain a_ technical 
service unequalled in the industry. No matter 
what your plastics problems, this service is at your 
disposal. SLOane 0898 is the telephone number. 
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with galvanometer sensitivity 
This recorder uses sensitive NEP galvanometers and elim- 
inates the need for processing. On lower writing speeds the 
trace appears instantaneously, and even at 10,000 cm/sec 
writing speed it is clearly visible in less than 10 seconds. 
Number of channels: six 


Paper: 120 mm width, 100 ft length 


Paper Speed: .2”/sec., .6”/sec, 2”/sec, 6”/sec New Electronic Products Ltd | 


Galvanometer range: D.C. to 2,000 c/s 


360 Kennington Road London SEll Telephone: RELiance 5161 
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»»- Maintaining contact 











‘HEAD OFFICE AND WORKS: 


under difficult conditions is often a strange 
blending of the old and new. In this 
Geophysical Year the dog sleigh and the modern 
two-way radio play an equally important part. 
As specialists in the working of 

precious metals we also play our part in 
‘maintaining contact’ and the “Thessco” 

and ““Thessconite” range of contact materials are 
widely used throughout the electrical 


industries of many countries. 


The latest catalogue giving our full range of 
sintered and wrought metal contacts 

is yours for the asking — or one of our 
technical representatives will 

be pleased to call for a full discussion. 









EIB E IPH ESD he SMELTING 


Company Limited 


ROYDS MILL STREET, SHEFFIELD, 
also in LONDON and BIRMINGHAM. 
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IF YOU HAVE A BATCHING PROBLEM 














BATCH COUNTER Type 108 


Designed for a wide variety of industrial processes where it 
is required to count articles into batches of a pre-determined 
number or to measure a specified length or weight. 

The instrument is operated by an electrical pulse corres- 
ponding to each unit to be counted or measured. These 
pulses are generally obtained photo-electrically, but any one 
of several other methods may be used. 

The required count per batch can be quickly and easily set 
up and provision is made for recording the total number of 
batches. If required, warning can be given before the end of 
the batch is reached, thus enabling several equipments to be 
operated simultaneously with the minimum of supervision. 

Suitable chute mechanism and photo-electric heads can be 
supplied to meet most batching applications. 














Abridged Specification 
Maximum Count.....10,000 per batch 
Counting Rate Maximum 350 p.p.s. 


Mains Input............100-125V, 200-250V, 40-60 c/s A.C. \ 
Dimensions................ 19 x 8 x 12} in. (49-53 x 20-4 x 31-2 cm.) 
Wet .._.......... 235 ®. (41-7 ke) 











Write now to: 


ERICSSON TELEPHONES LIMITED 


Head Office : 22 LINCOLN’S INN FIELDS, LONDON, W.C.2 Instrument Division: HIGH CHURCH STREET, NEW BASFORD, 
Tel: HOLBORN 6936 NOTTINGHAM) Tel: NOTTINGHAM 75115 
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stabilised power for the laboratory 


Here are really well designed, robust 
and moderately priced units providing 
convenient, economical and flexible 
power to replace those dry batteries 
in your laboratory. 

The circuits used were developed after 
exhaustive field testing and all 
components are conservatively rated 

' and of the highest quality. 
In a word—these are units of proven 
reliability from an organisation with 


an international reputation. 








Write us for detailed literature. 





IRD, 
BOULTON PAUL AIRCRAFT LIMITED - WOLVERHAMPTON - ENGLAND 


(STABILISED POWER PACK A.33) 
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SOL/D 
RELIABILITY 














Meticulous engineering backed by the highest quality materials 
has resulted in a capacitor that is generally recognised to be 
the best available to industry today. Nitrogol capacitors are 
type approved for operation in temperatures up to 100°C. on 
D.C. and can withstand severe conditions of vibration. 

For instruments and all high grade equipment where paper 
capacitors are used Dubilier Nitrogol will meet all the neces- 
sary requirements of safety, stability and reliability. 

Available in standard capacitance values for operation up to 
10,000 volts D.C. working at 71°C. 





PLEASE WRITE FOR CATALOGUE. 


DUB AER: 


DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, LONDON, W.3. 
Telephone: ACOrn 224! Telegrams: Hivoltcon Wesphone London. 
ON. 186 
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Her inventive genius is Britain’s great capital asset. Other 
nations are richer in material resources, but this country has 
never failed to lead scientific progress. So we remain in the 





forefront of a nuclear-electronic age. 
How long will this continue ? Our productive enterprises can 
only flourish if the training of technologists, technicians and | 





apprentices is correlated to the needs of industry. Those who 
train and those who employ must work together. 
To ensure the fullest possible discussion between industry | 
and educationists, The Times publishes TECHNOLOGY. | 
This monthly review of training and education for industry 
reaches the training and planning staffs of modern industry as 
well as lecturers and teachers at universities, technical colleges, 





public, grammar and secondary modern schools. | 
TECHNOLOGY has a vital interest in the work of the Colleges | 

of Applied Technology. TECHNOLOGY attends to the problems 

of apprenticeship. Each month a general article deals with a 

particular aspect of technological advance. 





If you employ technologists, technicians and apprentices, if 





you are concerned in their training, you need TECHNOLOGY 
to-day. Tell your newsagent you must have TECHNOLOGY 
each month. 





MONTHLY—PRICE ONE SHILLING 

Your newsagent will be pleased to order TECHNOLOGY for you or a direct annual postal subscription 
(18s. inland ; 16s. 6d. abroad) may be arranged through the Subscription Manager, TECHNOLOGY, 
Printing House Square, London, E.C.4. 





Pm 
don. 
N.186 
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INTRODUCING THE NEW 
/ NASHTON / INSTRUMENT RANGE 








R - sistance 


(592 to S0oM22) 





apacitance 
(SpF to 500uF) 





omparison 
(—30% to+45% 


(1% mid-scale; 
2$% from 202 to 20M) 


The Nashton R.C.C. Bridge is the first of a new 
range of electrical test instruments by Nash & 
Thompson, the Company specially selected to 
carry out the R.C.S.C. approval testing for the 














and incorporates a 0.1% linearity wire-wound 

cam-corrected balancing potentiometer. 
Instruments in the new Nashton range, of 

which the R.C.C. Bridge is the first, will all be 


Ministry of Supply. The R.C.C. Bridge is Accurate - Low-priced - Reliable 
precision-built of high stability 1% components Compact 
WRITE TO:— 
LIMITED . 
OAKCROFT ROAD - CHESSINGTON + SURREY °- Elmbridge 5252 





for inclusion in the / NASHTON / mailing list for information 
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A.T.E. single-channel radio telephone equipment takes The equipment may be mains or battery driven, fixed or 
over where landlines are impracticable or uneconomic. portable. 

Providing communication services over relatively short A range of equipment is available with the following 
distances—normally between points within optical range characteristics. 

—V.H.F. Radio telephones have many applications, 4 . , 

including fixed point to point communication for indus- % Frequency or amplitude modulation 

trial, mining and agricultural purposes, and portable * Frequency bands 156-184 Mc/s or 54-87 Mc/s 
equipment for transport. * Transmitted power 0.6 W-10 W 





AUTOMATIC TELEPHONE AND ELECTRIC COMPANY LIMITED 


STROWGER HOUSE * ARUNDEL STREET * LONDON * W.C.2. Telephone: TEMple Bar 4506. 


Telegrams : Strowger Estrand London. STROWGER WORKS, LIVERPOOL, 7. AT 14064 
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Longer Life 





FOR VALVES 


GETTER WELDED 
INSULATOR PROTECTING IN TWO PLACES 
STRUCTURE FROM 
GETTER SPLASH 











CATHODE LOCKED 
IN TOP MICA 



















DOUBLE MICA 
TWO LUGS ON ANODE INSULATORS 


LOCKED BY STRAP TO MICA 


GRID LOCKING CLIPS 
IN MICA 





EDGES OF ANODE BENT 
OUT FOR STRENGTH 


EXTRA ANODE 
SUPPORT 


VALVE LEADS WELDED 


ONE-PIECE RIBBED ANODE DIRECT TO GRID SUPPORTS 


STRUCTURE WITH TWO BARS 


HEATER BARS FIXED TO MICAS 
AND WELDED TO VALVE LEADS EXTRA SUPPORT HERE 








Electronic devices in modern aircraft and industrial 
equipments are continually being subjected to unusual 
stresses and vibration. Such arduous conditions tend 
to cause premature valve failure, and often the con- 
sequences can be serious. To find a solution to the 
problem the Brimar Valve Division of Standard Tele- 


phones and Cables Ltd. undertook special design News of developments in electronic 

studies involving work on new electrode structures and engineering and associated fields appears 
; d : ; ; regularly in ‘Wiggin Nickel Alloys’. 

materials. An interesting solution to this problem, May we send you a sample copy ? 


including the use of a Wiggin tungsten-nickel cathode 
to withstand stresses at 700-800°C, is described in 
‘Wiggin Nickel Alloys’ No. 42. 


PSS SeS eee wa 


To Henry Wiggin & Company Limited 


Wiggin Street, Birmingham 16 
OTHER FEATURES IN THIS ISSUE INCLUDE ae ey ape vane 
Please send me a copy of ‘ Wiggin Nickel Alloys’ No. 42. 


Fabricating Nimonic Alloys for Jet Turbines 


Gas Carburising Furnace at Fords ining 
Welding Nimoply 75 ADDRESS 
Extended Life for Flare Stack Tips COMPANY 


LE 
we ee es 


BUSINESS INTEREST EE 
he ee eee eee 


<6=. HENRY WIGGIN & COMPANY LIMITED - WIGGIN STREET - BIRMINGHAM 16 


TGA EL? 


*"NIMONIC’ IS A REGISTERED TRADE MARK 
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For more than half a century the name Bradley has stood for precision. 


Today, well established in the field of electronics and with new laboratories 
equipped on a unique scale, the Company offers a fresh approach to your problem. 
Our integrated Research Development and Manufacturing Unit, planned for 


flexibility to meet any requirement in terms of quantity, and staffed by 





qualified specialist engineers, is now at your disposal. 





"7 

i ~~ 

i Why not let our staff be your staff —and your problems our problems. 
i | 

a 

i 

.| G. & E. BRADLEY LTD. 

a | ELECTRAL HOUSE +: NEASDEN LANE *« LONDON °< N.W.10 
E. 
4 TELEPHONE * GLADSTONE 0012 
16 


Contractors to H.M. Government. A.I.D. Approved. 
. EL? 
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The coil winding machines made and sold by us are identical 
to those used in our own extensive coil winding shop. 

After winding many millions of coils over the last 30 years, 
there are few snags that we have not met and overcome 
and you can be assured that Westool Coil Winding Machines 
are the most efficient you can obtain today. 

The wide range of Westool Winders includes single and 
multi-coil machines, dual-purpose machines, and models 
with push-button control. Westool Coil Winders are easy 
to set up, simple to operate and very fast in operation. 











LIMITED 


Westool also make ; Transformers and Chokes, Small Motors, A.C. and D.C. Solenoids, Vibrating Tables, Grinding Attachments, 
Air Conditioners. Warner Electric Brakes and Clutches 


DON'T BE PREHISTORIC— 
take advantage of Westool’s 
modern coil winding 


techniques ee of Westool Coil 











— 













SEND FOR THIS BROCHURE 
This 16-page illus- 
trated brochure 
gives full details 











L ST. HELEN’S AUCKLAND, CO. DURHAM 


Phone: West Auckland 317 (6 lines) Grams: Solenoid, West Auckland 


Winding Machines. 
Send for it today. 
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WANDLESIDE ““"""cemers® 


RADIO, ELECTRONICS and 
TELEVISION INDUSTRIES 













THE MOST UP-TO-DATE PLANT 
IN GREAT BRITAIN 


All types of work undertaken 


Co-Axial Cables 

Prencables 

Radio Cables 
Connecting Wires 
Multicore Cables and 
Cables to Customers’ 


Special Requirements 


Photo by 


courtesy B.B.C. Approved manufacturers for A.I.D., A.R.B., M.O.S., M.0.W. and the 


Admiralty and principal Supply Authorities throughout the World 


LET YOUR ENQUIRIES HAVE THE ATTENTION OF OUR TECHNICAL EXPERTS 


WANDLESIDE CABLE WORKS Low. 





106 GARRATT LANE Telephone : BATtersea 2273 (5 lines) Telegrams : ‘*Wandleside, London"* 
London Office: 19/21 Fitzroy Street, London, w.i 
WANDSWORTH, LONDON, S.W.18 Telephone LANgham 8317/9. 
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-FERRANTI FERRITES 


MICROWAVE 
FERRITE TYPE F5X 


® Available in rod or slab form. 






















® Suitable for X-Band frequencies 
and above. 















® Specific rotation 30°/cm. 
®@ Figure of merit 330°/db. 


®@ Permittivity 12 approx. 


Microwave measurements carried out at 
9,750 Mc/s. on a 0.2” diameter rod sup- 
ported in 0.7” diameter waveguide. The 
permittivity of the supporting material 
was virtually unity. 


FERRITE 
SWITCH 


@ Minimum frequency band 9,600 
to 9,800 Mc/s. 


® Insertion loss 0.5 db max. 
@ Peak attenuation 30 db min. 


® Power handling capacity 30 
Watts mean. 


® Dimensions 13” x 1 }}” x 2” long. 
® Total weight 3 ozs. 


NY TT SAN IP 





FERRITE 
ISOLATOR 


Designed for operation up to a peak 
incident power level of 75 kW or a 
mean incident level of 75 Watts. The 
reverse attenuation is greater than 20 db 
over any 10% frequency band between 
8,500 and 10,000 Mc/s with forward 
attenuation less than 0.8 db. V.S.W.R. 
less than 1.2 over the frequency band. 





FERRANTI 





% i 
cession Sal 


FERRANTI LTD +: FERRY ROAD +: EDINBURGH 


salt 
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‘‘What type of transformer 
d’you propose using ?”’ 


“Haven't decided yet. 


Easiest thing will be to look in Gardners catalogue— 


that gives the gardneristics of the whole lot.”’ 


‘‘My dear boy, what on earth do you mean 
by gardneristics?”’ 


“Well, | don’t mind ; 
call ’em vital statistics if you prefer it that way. 
All | know is, | can find exactly what | want in 
that catalogue, and no fuss and bother about it.’’ 


GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH, HANTS. 
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- 
Regt 
—and for years, moreover, Gardners have been 
developing a consistent design and manufacturing 
policy resulting in more than 600 different types of 
transformers and chokes being available, usually for 
‘return of post’ despatch. Such a service, coupled 
with the wide range of designs, and the outstanding 
reliability of the product is, for want of a better 
word, gardneristic. 


are fully described in a loose leaf 


reference catalogue available on request. 


ELECTRONIC ENGINEERING 


Tel. CHRISTCHURCH 1024 








Extended range of connectors and extrusions means 


(MLOK WOW MORE VEROATILE THAN EVER / 


See what you can do with the unique 
Imlok system —think how it can save you 
money. Precision cases, cabinets, and 
other structures can all be quickly built 
to your own design—and using unskilled 
labour. The system is ideal for research 
and prototype work as well as for produc- 
tion runs. Various corner connectors 
and strong, light alloy extrusions lock 
together to form the framework required. 
Where fixed panels in the sides, top, 
back and base are required, they are 
retained in a groove in the extrusion 
specially designed for that purpose. 


Scope for design unlimited 


The Imlok extrusion is now available 
in five alternative strengths to suit 
almost every application, and the exten- 
ded range of components means unlimited 
scope in shapes and sizes. Special jigs 
for quick, accurate cutting and filing 


alsosupplied. May wesend more details? 


Economical, too! 


The material’s cost of the 
framework for this Heavy 
Duty Double Bay Rak, size 6’ 
x 3’ 6” x 1’ 9’, using the 
Heavy Duty components 
illustrated, is little over 
£30. 

Using general duty com- 
ponents, i.e., IE/1001 90 
Casting, IE/2024 90° strength- 
ened Extrusion, TE/1004 
Spacer Bar Casting, IE/2008 Spacer Bar 
Extrusion and IE/1009 Cruciform Junc- 
tion, the material’s cost for the frame- 
work only is just under £20. 


ALFRED IMHOF LIMITED Dept. F 12 
112-116 New Oxford Street London WCi Tel: MUSeum 7878 

















Heavy Duty 90° Extrusion with returns 
(JE'2034) and Heavy Duty Angle Re- 
inforcement Extrusion (IE /2044) 


SS 


Spacer Bar Cruciform 
Junction (IE/1009) and 
Spacer Bar Extrusion 


(/E/2008) 

















90° Heavy Duty Spacer 
Bar Casting (/E,1011) 
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MUTUAL & SELF INDUCTANCE BRIDGE 








' Designed for the accurate measurement of either mutual or self 

) inductance and resistance in the range 0-00!uH to 30mH and 
100192 to 30000 respectively. 
All measurements are made in the form of a four-terminal 
network and inductance and resistance of leads and clips are not 
included in the measurement. 

Accuracy within + 1% frequency 1592c/s (w = 10 000) 


Full technical information on this and other ‘ Cintel’ Bridges is 
available on request. 


a ae 





CINEMA 








LE me ote ce 


A COMPANY witTHIiIN THE RANK ORGANISATION LIMIttTteEeo 


WORSLEY BRIDGE ROAD + LONDON -:_ S.E.26 
HITHER GREEN 4600 


SALES AND SERVICING AGENTS: 

Hawnt & Co. Ltd., 59 Moor St., Birmingham 4 

Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thornliebank, Glasgow 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester 16 
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POLAR 


Terminal Strips and 
Stand - off Insulators! | 

















In accordance with 


R.C'S.C. Specification 
RCS. 334 


Invaluable for all forms of assembly, these high efficiency 





inexpensive Terminal Strips and Stand-off Insulators are 
available in a wide range of sizes. | 
The Stand-off Insulators are mounted by means of 6BA \ 
Screwed Stems supplied with nuts and washers. : 
Connections may take the form of tags, spills or screwed 
stems. 
Terminal Strips, in various lengths, are formed from 
Cadmium-plated steel with pillars of sintered 
aluminium oxide, and are available in two types with 
either {” or 3?” spacing between terminals. Insulation 
», resistance better than 10,000 megohms,. 








WINGROVE & ROGERS LTD. 


HEAD OFFICE : Domville Road, Old Swan, Liverpool, 13. 

Phone: Stoneycroft 2265 Grams & Cables: Components Liverpool 
LONDON OFFICE : Broadway Court, London, S.W.I. Phone: ABBey 2272 
ee 
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PARMEKO THREE-PHASE 
TRANSFORMERS 














The full range of E type cores is embraced by the new 
Parmeko three-phasé series, from miniature types to those 
capable of handling up 2.5 KVA at 50c.p.s. (or greater ratings at 
higher frequencies). The smaller models are enclosed and her- 
metically sealed, the larger transformers-impregnated to R.C.S.C. 
standards-are built intoopen constructions. For complete details 
and dimensions write for Parmeko leaflet 456/E/| 


PARMEKO TRANSFORMERS 


for the Electronic and Electrical Industries 
PARMEKO LTD., PERCY ROAD, LEICESTER, ENGLAND 
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REGISTERED 
TRADE MARK 


dag colloidal graphite as a conduct 


¥, 


‘Aquadag’ colloidal graphite in water is the original wall iat ele IA 

: : ’ This picture shows the application | © 
coating and electrode material for evacuated equipment such of ‘dag’ colloidal graphite to the | | im a AS 
inside of a Cathode Ray Tube bulb ; be 






as cathode ray tubes, Geiger counters, and radiation meters. ' 
There are ‘dag’ dispersions for the treatment of T.V. — IT [ 
cabinets, valve envelopes, anodes and grids; for use as 
conductor paints in printed circuits ; for the prevention 

of static build-up on ceramic insulators and 
plastic-insulated high voltage cables ; and even, 

to quote a recent unusual example, as a conducting coating 
for postage stamps. ‘dag’ dispersions are 

also extensively used for the dry-film 

lubrication of small electrical mechanisms. 





Manufacturers interested in conducting coatings should write : 
for Bulletin 98, a comprehensive outline of electronic and electrical 
applications for ‘dag’ dispersions 


‘ = 
ACHESON COLLOIDS LIMITED 
Subsidiary of Acheson Industries (Europe) Ltd. 
PRINCE ROCK - PLYMOUTH +- DEVON 
Telephone: PLYMOUTH 66351 + Telegrams: ‘“‘OILDAG” PLYMOUTH 


TECHNICAL SALES AND SERVICE DEPARTMENT 
70 Hill Street, Richmond, Surrey - Telephone: RIChmond 5481 (3 lines) 





























You are invited to write 


\ | | c RO WAV. oe for leaflet E.D. 21 con- 











Yi taining details of this 
and other instruments pc 
ve MW") in our range of wave- re 
guide components. 
le 
MICROBENCH : 
Ve 
TYPE — 3900 : " 
For the Teaching and Demonstration e 
of Microwave Technique and a 
Routine Component Testing EH 
Surprisingly compact and versatile this id 
composite X Band test bench has all the Bs 
necessary instruments for the measurement & 
and illustration of a variety of techniques. a = 


It operates over the frequency range 
8500 to 9660 Mc/s and is designed not 





: ; MICROWAVE INSTRUMENTS LTD, 
only from an accuracy point of view but 5 wt 
also from the economic, resulting in an pchiiag VN "7 By 
extremely attractive performance together Jsuie oti ee Bo 
with a clean functional appearance. 3 
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DH3-9I 


Low voltage operation 


The DH3-91 will operate at voltages as low as 350V. 
A new screen process allows the tube to be operated at 
q this unusually low voltage without the disadvantages 


of screen charging effects. 





Automatic beam focusing 


The useful screen diameter is one inch and no focus 
potentiometer is required. The extremely simple circuit 
requirements of the DH3-91 together with its very short 
length of only 4} inches (max.) make possible the 
provision of economic monitoring facilities in a wide 
Full data and circuit 
information are available on request. 


variety of applications. 





— 


. 


Heater 6.3 volts, 0.55 amp. 


ot 


= 


Typical Operation 


soso 


*, 
: 





= 









me 

# 

3 aan 

| Mullard 
_ & u 

bs MULLARD LIMITED 

a MULLARD HOUSE COMMUNICATIONS AND 

ae TORRINGTON PLACE INDUSTRIAL VALVE DEPARTMENT 


LONDON WCI 
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Low Voltage 
Cathode Ray Tubes 


: = en 


scale in inches. 


DG7-31/32 


DG7-31 (Asymmetrical Deflection) 

DG7-32 (Symmetrical Deflection) 
In applications where more detailed information 
is required than can be provided by the one-inch 
DH3-91, such as in larger oscilloscopes or in the 
monitoring of more complex waveforms, the three- 
inch diameter DG7-31 and DG7-32 are out- 
standing. The screen phosphor is burn-resistant 
and the tubes will operate with a final anode voltage 
of 400V. Both the DG7-31 and DG7-32 are only 
6? inches long. 


Heater 6.3 volts, 0.3 amp. 
Typical Operation 

















NB. od rei tigan akg aw Sen hee ueee 500V 

BOA a kc gin ean sae wane 0 to 120V 

Ub ddeeek seca eeenunebemeken —50 to -—100V 

ret Morr rer rrr ne -15 to +10uA 

TTT TC TTT TTT 0.39 mm/V 

EER pie iene Ro ee err Eee ee 0.25 mm/V 

Line width (measured on a 

circle of 50 mm diameter with 

Val+a3 = SOOV and It = 0.5pA)........ 0.5 mm. 
@ MVT 320 
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In a single application, Araldite epoxy resins combine such diverse functions as bonding, impregnating, 
insulating and providing surface finishes of remarkable protective value. 
This rotating magnet generator, made by Ericsson Telephones Limited for telecommunication equipment, 


has a greater output than other generators of the same drive torque. It incorporates heavy-gauge iron sheet 





laminations bolted between diecast alloy end cheeks, and the coil is separately wound on to a moulded bobbin 
which, when assembled, forms an integral part of the lamination structure. Dimensional accuracy between 
the end cheeks must be combined with a relatively large dimensional tolerance on the thickness of the 
laminations, and Araldite Surface Coating Resins have proved indispensable for impregnating the coil, 
locking the laminations, and imparting an excellent surface finish to equipment which also conforms to 


tropical spécifications. 










Combined 
operations 


Araldite epoxy resins are used 


* for bonding metals, porcelain, glass, * for producing glass fibre laminates 


ete. * for making patterns, models, jigs 
* for casting high grade solid electrical and tools 
insulation * as fillers for sheet metal work 


* for impregnating, potting or sealing * as protective coatings for metal, 
electrical windings and components wood and ceramic surfaces | 


| 


Araldite (Z2aeAZZs Be 


Araldite is a registered trade name 





Aero Research Limited 


A Ciba Company. Duxford, Cambridge. Telephone: Sawston 2121 


AP 321 i 
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This technical reference book— 
Ediswan industrial valves 
and cathode ray tubes 


—is yours for the asking 





If you design, build or service industrial electronic equipment, you need the 
new edition of this important Ediswan publication. It is packed with 
useful information including: 

e@ Full technical specifications 

e@ CV and Commercial Equivalent Tables 

e@ Valve selection charts 
The selection charts have been specially designed to help you to make a rapid 
choice of the valve you want from the principal parameters involved. 


Simply ask for Catalogue R. 1900 on your business notepaper 
SIEMENS EDISON SWAN LIMITED - Industrial Valves Division 


An A.E.I. Company 155 Charing Cross Road, London, W.C.2 


Telephone: GERrard 8660. Telegrams: Sieswan, Westcent, London 
CRC 16/1 
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FOR ELECTRONICS AND SIMILAR DEVICES THERE /S NO DISAGREEMENT ASOUT THE SUPERIORITY OF BRITISH DRIVER-HARRIS SUPERFINE WIRES 


eur 


Automation set 


Fy ER 


usa problem c 


FOR MANY YEARS we have been acknowledged experts in the 
manufacture of fine and superfine wires Though scarcely visible 


to the naked eye, diameter 0.002 in. (0.05 mm.) dow nwards, 





these wires are critically important in the operation of electronics 
equipment. Their manufacture has to be carried out with great care 
if the correct physical and electrical properties are to be attained. 
With our highly specialised techniques develope sd over 
many years fine quality is assured. The difficulty has been to 
meet the demand for quantity due to the swift progress in the mo 
use and application of electronics and similar equipment. 


Our answer has been to erect a new building. Completely fittec 


out with the most modern plant, it will when fully operating i} 
enable us to keep up with the demands for our superfine wire. 25 


And at the same time ensure that the famous British 
Driver-Harris quality is absolutely maintained. 





MATERIALS AND APPLICATIONS : 
[he main uses for superfine wires a high specific resistance with a 
are in potentiometers, and in pre- low temperature coefficient. f 
cision and ordinary grade _resist- " an , 
ae, ae Advance* Wires of this 60/40 A 
ors. More specialised applications : / ‘ 
nee: Ge : copper-nickel alloy have a neg- Pr 
are in electronic equipment for ay: / i Lae 
: sy? cee ligible temperature coefficient Di 
guided missiles and for fire con- ~ | ake Wilh : 
p . i , and a fairly high resistance — 
trol devices in aircraft. : cerns 5 ‘ Dr 


properties which are important 


Nichrome* & Nichrome* V in precision resistors operating | 
Nichrome* (65/15/20 nic kel- over a wide temperature range 

hromi ir | Nichr *V i e } 
chromium-iron) and Nichrome which must have constant resist- } P: 
(80/20 nickel-chromium) are the ance. 
allovs most suitable where a high 2 oO 
resistance is necessary and where Enamelled Wires a sis Li 

ri ic “ super > ire are Tl yle i 
a« hange in resistance due to tem- a rfine wires are available in é 


perature change does not hinder either bare, enamelled or ena- 


satisfactor y per formance. melled and silk covered finishes. 


Our technique in enamelling fine 


Karma®* This is essentially an wires involves the use of the 

80/20 nic kel-chromium alloy, most modern equipment both in 

developed especially for the elec- the actual process and in testing F 

cronics industry, which combines for quality. © sean vaaue. iad t 
_ 





For further information please ask for Data Sheet No. 1 r 
Super Fine Wires 


BRITISH DRIVER-HARRIS CO LTD | 


MANCHESTER 15 


ASSOCIATED PLANTS IN UNITED STATES EIRE FRANCE ITALY SPAIN 
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Frequency stability vs. line 
voltage; 150 MC oscillator 





SPECIFICATIONS 


Accuracy: Identical to that of basic counter used. 

Printing Rate: Controlled by counter, 5 lines/sec. max. 

Digit Capacity: 11 digits per line. 

Driving Source: Parallel entry staircase voltages derived from 
standard digital frequency counters such as Hewlett-Pack- 
ard types. Staircase descends from +135 v to +55 v as the 
count progresses from 0 to 9. Internal impedance of stair- 
case source should be approximately 700,000 ohms. 

Print Command Signal: 1 “sec or greater, positive or negative 
pulse, 15 volts p-p or greater. 

Paper Required: Standard 3” roll or folded paper. 

Line Spacing: Single or double, adjustable. 

Analog Signal: Any three consecutive digits may be selected by 
selector switch. Output is function of selected digits. For 
example, if consecutive digits were 3, 8, and 6, output volt- 
age would be 38.6 millivolts or 0.386 ma. 

Output Available: 1 milliamp for galvanometer strip-chart re- 
corders. 100 millivolts for potentiometer strip-chart re- 
corders. 

Power: 105/125 volts, 60 cycles, 250 watts. 

Dimensions: Cabinet Mount: 2014” wide, 1214” high, 1814” 
deep. (Rack Mount available). 

Weight: Net 60 lbs. Shipping 100 Ibs. 


Accessories Available: 1052-24, 3” folded paper, 48/carton. 


Price: Price on request. 


Data subject to change without notice 
Price f.0.0. jaciory 





new -hp- 560A 


DIGITAL 
RECORDER 


Continuous digital record ae 
for your frequency counter! 


Prints 11-digit information 
at 5 lines per second 





Controlled by electronic or Bee, 
mechanical devices 


Direct print-out from 
all -hp- counters 


Analog output for strip-chart 
recorder 


Expanded scale; full scale can 
represent 1/10’ 


oe 


Model 560A is a new kind of continuous duty instrument de- 
signed from the chassis up for digital recording of frequency 
counter output and similar information. It is specifically useful 
in recording time functions, telemetered data, information to be 
monitored, tabulated and plotted and system drift phenomena. 
It is also a convenient digital/analog converter for strip-chart 
production. 


Frequency counter accuracy 


Since -/p- 560A is a slave to its information source, accuracy is 
that of the counter or other source. The instrument's motor-driven 
print mechanism comprises 11 number wheels and associated mix- 
ing-comparator circuits. The print mechanism is controlled by a 
staircase voltage and external print command pulse. The avail- 
ability of 11-digit lines means secondary or coding data may be 
printed on the same line as primary data. 


Complete details from your -hp- representative, or write direct. 


HEWLETT-PACKARD COMPANY 


Represented by: 
LIVINGSTON LABORATORIES 


RETCAR STREET ° LONDON, N. 19, ENGLAND 
Tel: Archway 6251 


speéd, convenience, accuracy, value 
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Se E '44-69,144 97/4/33 INDUS TRY 6 Oe 6 Fe 6 Be 6 8 6 9 6 9 6 Oe 8 et pee 


High input impedance 


coupled with rapid response 


Se 6 ae 6 ee 6 9 Se 6 9 6 9 6 9 6 8“ 6 9 6 6 9 


The Evershed Quick Response Recorder is servo operated, and 
works in conjunction with an electronic amplifier. Recorder 
input is opposed by the feed back voltage from a resetting 
potentiometer controlled by position of the pen. The error (the 
voltage difference) drives the pen movement until the feed back 
voltage balances the input. Maximum sensitivity, with centre 
zero, plus/minus 4 volts full scale deflection. 

The instrument will record sine 














wave voltages up to 15 cycles per 
second with amplitude error not 
exceeding 15% at a peak to peak 
amplitude of 14 inches. At smaller 
amplitudes the frequency response 
will be higher. 





THE EVERSHED QUICK RESPONSE RECORDER 


For full details please write for Publication EO 299 





INSTRUMENTS DIVISION 
EVERSHED & VIGNOLES LTD - ACTON LANE -: CHISWICK - LONDON W.4 
Telephone : Chiswick 3670 Telegrams & Cables : Megger London Telex 








%p (OS 6 Oe 6 Oe 6 Oe 6 8 te Fe 6 8 Ee 6 Oe 6 8 ee 6 Oe 6 8 ee 6 Oe 6 8 6 Oe 6 OS ee Sb ee 6 8 6 8 6 8 ee 6 8 6 Oe 6 8 6 8 6 8 ee 6 Oe 6 8 ee 6 9“ 6 8 6 9 6 6 9 ee 8 ee 





| 
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9 ee © pe 6 Ft 6 9 6 Fe 6 Fe 6 8S 8 6 8 eS Fe 6 8 lS 9 6 be 6 8 i 6 8S 8 Se 6 pe 6 8 6 Be 6 8 6 8 6 9 6 8 eS 8 6 be 6 6 9 6 8 6 8 8 8 






ELECTRONIC ENGINEERING 64 DECEMBER 1957 








4 
jos = 
ommeef g 








Alchem ist’s The unusual in heat treatment 


equipment is usual for Royce. We can 
e design and manufacture special 
crucli bles furnaces, ovens or kilns for research, 
pilot plant, or production, for 
temperatures up to 2,500°C, and for any 


7 a 
if requ : red process, whether it be softening plastics, 


reducing oxides or sintering carbides. 












Here is a typical special furnace 
by Royce; a pilot plant for the 
production of zinc ferrites in an 
atmosphere of nitrogen at a 
temperature of 1,300°C. 
























Royce engineers will be pleased to 


discuss in confidence your process 


a — 


ROYCE ELECTRIC FURNACES LTD 


Designers and manufacturers of furnaces, ovens & kilns for all industries 


—h SIR RICHARD’S BRIDGE, WALTON-ON-THAMES, SURREY. Telephone: Walton-on-Thames 2577/8 


R-/218 
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— another contribution to electronics by Advance 


sonomel 


for use in precision equipment where rapid selection 


co . A completely co-axial attenuator unit specially designed 


of close tolerance attenuation with absolute 
RANGE: 0 to 50 db in 10 db steps. reliability is essential. 
Any combination of six pads is availabl- 


from 0 to 50 db. in 10 db. steps 
V.S.W.R. : Less than 1-2 d.c. to 3000 Mc/s for ae F at all f : ; 
20-50 db range. * or use at a requencies up to 


Less than 1.2 d.c. to 1000 Mc/s for 
0-20 db range. ’ 3000 Me/s. 


At 3000 Mc/s increases below 20 db. 
to not more than I-7 d.c. at zero 


attenuation. NETT PRICE 
: IN U.K. 
*%& CONTINUOUS ROTARY MOVEMENT 
selects any pad simultaneously giving visual filo 
indication of pad selected. : 


ACCURACY: -+ | db up to 1000 Mc/s. 


Export enquiries invited 


Aelveeicce TURRET ATTENUATOR 


Full technical details available in Leaflet M. 49 TYPE A6é3 





ADVANCE COMPONENTS LTD. ROEBUCK ROAC, HAINAULT, ILFORD, ESSEX. Telephone : HAinault 4444 


GD 24 
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Loudspeakers 


for all purposes 


The development and manu- 

facture of Loudspeakers for all 

purposes has been our business 

for over 30 years. Whatever 

the application, we are proud 

to have assisted in equipping 
many millions of radio 
and television receivers 
throughout the world with 
Loudspeakers which, in 
design and performance, 
have set a standard of 
their own. 


Rola Celestion Led. FERRY WORKS «THAMES OITTON - SURREY + ENGLAND 


Cables: VOICECOIL, THAMES DITTON ENGLAND 
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1957 


Telephone: EMBerbrook 3402/6 
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HEAT-STABLE, WATER-REPELLENT 





cD Dielectric materials 








DIELECTRIC COMPOUND 


MS 4 compound is a non-melting, water-repellent paste which retains its grease-like con- 
sistency from —50°C to 200°C. It is highly resistant to oxidation and deterioration caused by 
corona discharge. Power factor is less than 0.001 up to 10 Mc/s; volume resistivity is more 
than 10! ohm cm up to 200°C. Electric strength is more than 500 volts/mil at a 10 mil gap. 


USES: Potting and sealing compound for electronic components, disconnectable plugs and 
sockets. Lubricant and protective agent for plastic and rubber cables, grommets and seals. 
Damping medium in gramophone pick-ups. 


NEW FLEXIBLE SLEEVING 

Braided glass sleeving is now available coated with Silastomer* silicone rubber. It is based 
on Fibreglass E glass yarn and is supplied in various colours and in continuous lengths. 
This flexible sleeving retains its good dielectric properties and tear resistance from —55°C 
to +250°C. 

Manufactured by Jones, Stroud & Co. Ltd. 


MS SILICONE RESIN-BONDED GLASSCLOTH LAMINATES 
These laminates, with a heat stability permitting their use up to 250°C, have the following 
typical properties (tests according to BS.1137):— 


Specific Gravity......... _ 1.9 Power Factor at 10° ¢/s............. 0.001—0.003 
Tensile Strength, Ib./sq. in. 15,000-40,000 Permittivity at 10° ¢/s.......0..0.0000000000....3.9 
Flexural Strength, Ib./sq. in. ....20,000-50,000 Electric Strength, 

Water Absorption, % 0.1 ee ..200-250 


The following is a quotation from the U.S. Navy Specification (MIL-E-16400 A Ships) 
governing naval ship and shore electronic equipment—‘Where laminated thermosetting 
plastic sheets are used for insulation, silicone resin, glasscloth . . . is the preferred material. 
The use of this material is mandatory in critical circuits of equipments where maintenance of 
high circuit impedances (above | megohm) is required and in equipments where temperatures 
greater than 110°C are experienced in the areas where these parts are used.” 

Ask for SILICONE NOTES L18—Properties and applications of silicone-bonded laminates. 
Silicone laminate, being readily machinable, lighter and less fragile, has many advantages 
over ceramics for coil formers. 

Aircraft high frequency communication equipment showing coil formers of silicone/glasscloth 
laminate. 

By courtesy of Micanite & Insulators Co. Ltd. and Standard Telephones and Cables Ltd. 


Technical Service. We have had ten years’ experience in the development and 
application of silicones. This accumulated knowledge and our extensive technical service 
are readily available to you. 


> Silastomer is a registered trade mark of Midland Silicones Ltd. 











MIDLAND SILICONES LTD 


Associated with ALBRIGHT & WILSON LTD. and DOW CORNING CORPORATION 


first in British Silicones 


19 UPPER BROOK STREET «© LONDON +- WI - 
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whatever you are, whatever you do, 
your specification puts you apart, 
you musn’t be this, you’ve got to be that ; 

to make you at all they can’t even start 

till problems are solved and properties used 

that Morganite Carbon alone can impart. 


For the design engineer Morganite Carbon is a material 

with a vast potentiality ; some of its properties are 

unique, many can be varied to obtain specific characteristics. 
A material which is strong as steel but light as aluminium, 
which is self lubricating, has some exceptional electrical properties 
yet is non-metallic, must have a multiplicity of applications. 

Orme When you have read the other properties of Morganite Carbon, 
why not have a talk with our technical staff? They may be 

able to help with your problem. 


OTHER PROPERTIES INCLUDE : 
High resistance to wear. Wide range of resistance to chemical attack. 
Machinability. Good thermal conductivity. 
Not wetted by molten metal or slags. Non-seizing. Non-galling. 
Good mechanical strength at high temperatures. Good 
electrical conductivity. Available in impervious forms. 
Low thermal expansion. 








[MORGANITE Mattton 


THE MORGAN CRUCIBLE CO. LTD., BATTERSEA CHURCH ROAD, LONDON, S.W.|1. Phone: BAT. 8822 


CS3A 
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At the 
Service of 





the Electronics 





Industry 




































MIDGET BLOWERS 


There are 29 different models with blade j 
diameters from 13 in. to 8 in., axial or ' 
centrifugal, mostly available from stock. 


LARGER FANS 


We manufacture a complete range of industrial 
fans for every purpose. 


AIR FILTERS 


A complete range of air cleaning equipment— 
| for every application—can be supplied. The 
miniature filters shown on the left are examples 
from a complete range designed and developed 
for electronics and allied applications. 





No other manufacturer produces so large 








a range of fans and filters specially 


For full details of the Air Control service, please suited to the electronics industry. 
ask for your copy of Publication F.B.5707. 


AIR CONTROL 


INSTALLATIONS LIMITED 


RUISLIP MIDDLESEX RUISLIP 4066 


LONDON - BIRMINGHAM - MANCHESTER ; NEWCASTLE . GLASGOW $ 
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Full details of our range of components are available in 


the “ Belling-Lee 


BELLING ¢ LEE LTD 


If there is not a 


General Catalogue. 
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ENGLAND 
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copy in your establishment please write to us. 


ELECTRONIC 


- Telegrams: Radiobel, Enfield 


Enfield 3322 


COMPONENTS 


Telephone : 


oiia<«! 
ws 
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QUALITY Cached ly emperor 


INSTRUMENT CASES 


Attractively constructed of seam a 
welded steel, these strong instrument 
cases are well ventilated and stove 
enamel finished in various colours. | 0 
Available in four standard sizes or n 
to your own specification. 


HANDLES 


Made in standard range (4 in., 6 in.. 
8 in. and 10 in. centres). A wide 
variety of other sizes can be made 
to special order. 


i 


















Fe 
ul 
AMP-CHECKS C 
Invaluable device designed to facili- fo 
tate current measurements. Installed 
in series with an electrical (or Ss} 
electronic) circuit to all points where 
measurements or checks are required 
without open circuiting. 
. ce 
Other products include 
Metal components available to cus- 
PULSE GENERATORS tomers’ specification and small or 
CAPACITY COMPARATORS batch quantities undertaken. 
Experienced in research projects 
TAPE RECORDERS and prototype construction. 
STABILISED POWER SUPPLIES SUB-CONTRACTORS for sheet metal 
or assembly and wiring. 
PHOTOCELL AMPLIFIERS ak aicaanead, 
PHILLIPS & BONSON LTD . 
T 


Reg. Offices: IMPERIAL HOUSE DOMINION ST. MOORGATE LONDON EC2 Telephone: MONARCH 5481-5 
Works: POND WORKS 8 MILLFIELDS ROAD HACKNEY LONDON E5 Telephone: AMHERST 4331 
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For long term stability and 
f unfailing activity, G.E.C. Quartz 
Crystal Units provide the basis 


for reliable communications 


systems. 


A complete range of units to;meet 


D.E.F. 5271 and 


R.C.L. 271 Inter-Services styles 
can be supplied. 


SALFORD ELECTRICAL INSTRUMENTS LI 


( COMPONEBEES GROUP ) 
HEY WOO DZ 


TIMES MILL 
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From 
200 cycles/sec. 
to 
90 Mc/sec. 

















TED 








SLANCASHIRE Tel: Hégwaod 6868 
London Sales Office ==!: Temple Bar 4669 —_— 
A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
DECEMBER 1957 
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Lets Iook ca 


. . . from your point of view and 





from ours the focus is on reliability. Ifa 
spring passes our tests it will pass 

any that can be imposed and particularly 
the test of time. 


May we quote on your next specification? 





Our technicians are at your service. 


SALTER 


_ alyyays a Spring ahead | 


©) T 
GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND. ESTABLISHED 1760 | 
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GERMANIUM JUNCTION RECTIFIERS 
— finned bridge units 
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RATINGS FOR INDUCTIVE AND RESISTIVE LOADS 





























A.C. INPUT D.C. OUTPUT OVERALL 
TYPE max. peak | max. voltage | max. current | LENGTH 
volts volts amperes inches 
GA3I-A 140 125 2:0 at 40°C 34 
wi | GA4I-A 53 47 2-0 at 60°C 34 
< | GASI-A 210 187 2-0 at 40°C 3 
= | GA6I-A 106 94 2-0 at 60°C 34 
4 | GAS2-A 340 303 2:0 at 40°C 5 
The well-known range of 4 GA62-A 170 151 2-0 at 60°C 5 
BTH germanium junction | % | GA53-A 510 455 2-0 at 40°C 64 
rectifiers is now available Caen a = vitalaraticntiens 63 
made up into convenient | w | GB3I-A 140 188 3-0 at ~ 
i : ne < | GB4I-A 53 7\ 3-0 at 55°C 
bridge units ready for in- | Z| Cacia 210 283 3-0 at 35°C 
corporation in your equip- | ui | GB6I-A 106 143 3-0 at 55°C 
ment. <= | GB52-A 340 458 3-0 at 35°C 
- | GB62-A 170 229 3-0 at 55°C 











BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY ENGLAND 


1760 on A.E.1, Company A 51 84 


f ‘ 
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GOW WE 3 32¢ 


FOR HEAT RESISTANCE 


If your coils, like the Colonel, have 
to withstand continuous operation at 
elevated temperatures, Connollys new 
product CONTEREX is the answer. 
This new winding wire is 
manufactured from a Polyester 

base and is capable of meeting 

with ease all test clauses 


in BSS 1844. 





























May we send you samples 
and literature ? 
°F oe O°? a > . 
I, (ii ao 
«va iS 
\¢ : 
5) 
KIRKBY INDUSTRIAL ESTATE - LIVERPOOL 
Telephone: SIMonswood 2664. Telex No. 62-247. 
Telegrams. ““SYLLONNOC, LIVERPOOL—TELEX”’. 
Branch Sales Offices: 
SOUTHERN SALES OFFICE AND STORES: 
23 Starcross Street, London, N.\W.1!. Telephone: EUSton 6122. 
MIDLAND SALES OFFICE AND STORES: 
39/44 Watery Lane, Bordesley, Birmingham, 9. Telephone: ViCtoria 4991. 
Telex No. 33-309. ; 
if 
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The overall performance of long distance radio 
link telegraph systems can, in many cases, be 
greatly improved by the introduction of Siemens 
Ediswan Frequency Modulated Voice Frequency 
Telegraph Equipment on the land line circuits 
feeding remotely located radio transmitters or 
receivers. This equipment provides six channels, 
five of which will each handle telegraph traffic at 
speeds up to 280 bauds and one for medium speed 
traffic up to 140 bauds. 

Developed by Cable & Wireless, this telegraph 
system is now in extensive use by the British Post 
Office and various overseas administrations. 

rhe equipment is completely self contained and 
includes full testing facilities for lining up and 
routine maintenance. The equipment practice 
employed facilitates removal of individual units. 


As an alternative, equipment can be supplied 


extending 


ee 


Cables: Sieswan London 


DECEMBER 1957 





LL) / 
———— 


SIEMENS EDISON SWAN LTD Ap A.£./. Company 


Telecommunications Transmission Division, Woolwich, London SEI8, England 








which provides 12 channels for handling telegraph 
traffic at speeds of up to 140 bauds. 

The F.M.V.F.T. equipment may be used on any 
4-wire circuit capable of transmitting the band 
300 C/s tO 3400 C/s. 

Further information will gladly be sent on request. 


the frontiers of telecommunications 


/ 
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UNDOUBTEDLY... 


“* For inductance or capacitance measurements the measuring 
bridge is energised by the output from a valve oscillator, the 
out-of-balance voltage from the bridge being applied to 

the built-in selective amplifier-detector and 
moving-coil indicator, while for resistance 
measurements the indicator 1s used directly as a centre- 
zero galvanometer, the necessary d.c. for the bridge 
being derived from the power pack supplying the 
oscillator and detector used for inductance 
and capacitance measurements.” 


O” of the problems of the age is how to keep 
up with the younger generation. One can 
support the shame of being unable to help with 
homework, but the prospect of having to admit 
ignorance of electronic equipment is intolerable. 
For instance, what do you know about the Marconi 
Universal Bridge Type TF 868A? Could you im- 
press our young friend with an authoritative 
description of the instrument’s ingenious mechanical 
design which provides single-dial measurement of 
L, C, and R? You owe it to yourself to be really 
up-to-date about Marconi Instruments—after all, 


they are important tools of your trade. Start with UNIVERSAL BRIDGE 
the TF 868A. Our leaflet J 112 contains full details, Type TF 868A 
and we'll gladly send you a copy. Measures inductance or capacitance at 1 or 10 kc/s, 


resistance at d.c. Measurement Ranges: 1 ~H to 
100 henrys, 1 pyF to 100 pF, 0.1 ohm to 10 MQ. 
Q Range: 0.1 to 10 at ke/s, 1 to 100 at 10 kc/s. 
Tan § Range: 0.001 to 0.1 at 1 kc/s, 0.01 to 1.0 at 
10 ke/s. 





AM & FM SIGNAL GENERATORS + AUDIO & VIDEO 
OSCILLATORS - FREQUENCY METERS - VOLTMETERS 
POWER METERS + DISTORTION METERS + FIELD 
STRENGTH METERS : TRANSMISSION MONITORS 
DEVIATION METERS ~- OSCILLOSCOPES, SPECTRUM & 
RESPONSE ANALYSERS - Q METERS & BRIDGES 





MARCON! INSTRUMENTS LTD - ST. ALBANS - HERTFORDSHIRE - TELEPHONE: ST. ALBANS 5616! 
London and the South: Marconi House, Strand, London, W.C.2. Tel: COVent Garden 1234 
Midlands; Marconi House, 24 The Parade, Leamington Spa. Tel: 1408 North: 30 Albion Street, Kingston-upon-Hull. Tel: Hull Central 16347 
WORLD-WIDE REPRESENTATION 





TC 12 
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Before you start a frantic hunt for the ‘odd’ 

Component do consult our Catalogue. A very extensive 
range of over 2,000 ‘bits’ from Electrolytics down to 
| Nuts and Washers awaits your call. Remember: we 
despatch all Orders the day they are received. Do 
let us help to Bridge Your Gap! 


KRadiospares Ltd. 


ZINE A 

4-8 MAPLE STREET - LONDON - W.I - ENGLAND = Please send me regularly your monthly Catalogue = 
Telephone: EUSton 7232-7 = a = 

Telegrams: RADOSPERES, WESDO, LONDON = Name of Business z 
Cables: RADOSPERES, LONDON Z Business Address 2 

1 coadeatieneiaeeaiaailal 
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175 MILES of prints per year... 


See eae 








...from one 
photo-copying 


machine 


175 miles of prints a year is the output reported by one regular user of an 
Azoflex Model 46/35—and that’s the sort of output that any busy drawing office 
can expect. The AZOFLEX photo-printing process combines several unique 
features. It’s the on/y daylight reflex copying process. It’s the only process 

to apply a measured quantity of developer irrespective of running speed, 

thus ensuring optimum quality. It avoids the use of dangerous chemicals and 
there are no unpleasant fumes. Operation is quiet and free from 

vibration. Exposing, developing and print delivery are all synchronised 

to ensure an even flow of finished work at all speeds. 


AZOFLEX MODEL 46/35 combined synchronised printer and developer. 

Capacity : cut sheets and rolls up to 42 in. wide. Printing speed: up to 30 ft. 

per minute. Dimensions : Height 58 in. Depth 60 in. Width 72 in. Weight 1,100 Ib. 
Price £1,555 (including delivery and installation in the U.K.). 





, Enquiries to: Ilford Limited, Azoflex Dept. AZ11G 
eo ‘ Fa of lc x 104 High Holborn, London, W.C.1. Telephone : HOLborn 3401 











PHOTO-PRINTING MACHINES AND MATERIALS 
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24 Channel trunk radio system, MR 851 





WR 


It provides a frequency modulated trunk radio 
system for 24 channels when used with 

normal channelling equipment. This unit 

is designed for use where cables are impracticable 
or too costly. Further units may be added 

as repeaters to increase path length, the number 
being limited only by the final signal/noise 
ratio. Repeaters are non-demodulating and there 
are special frequency control arrangements 
which prevent cumulative crystal errors from 
arising in multi-unit systems. There is a 

‘party line’ engineering channel meter panel 
and an automatic fault alarm. Automatic 
change-over facilities are available. Units are 
normally equipped with multi-element antenna 
and air-spaced co-axial feeders 

which may be gas filled. 





ing 


i i cain 


We shall be happy to send you detailed 
technical data on the unit illustrated. 


PTT 


_ keep in touch with murphy 


Murphy Radio Limited (Electronics Division), Welwyn Garden City, Herts. 


We make : AIRCRAFT RADIO EQUIPMENT 

RADIO AND RADAR AIDS TO NAVIGATION 
COMMUNICATIONS RECEIVERS AND TRANSMITTERS 
RADIO AND TELEVISION TEST EQUIPMENT 





INTERFERENCE TRACING AND MEASURING EQUIPMENT 





}957 





cac 418 























The first 
of the 








range of 


SILICON JU 


For High Temperature Operation / 


with extremely high ratios of # 
forward to reverse resistance. / 


SX641 SX642 ; -§$X643 SX644 


These diodes utilise a recently / 
developed glass—pure copper : 
seal which has made possible 
the production of devices / 
with really outstanding 
thermal properties. / 


| 
/ 


LOWER VOLTAGE TYPES HIGHER VOLTAGE TYPES 
SX641 SX642 SX643 SX644 
Suitable for use as Second / Suitable for use as H.T. rectifiers in telecommunication 


Detectors at frequencies / type power supplies, and for Blocking and Gating functions. 
of up to 10 Mc/s and for the 














Be ee 





Typical ratings for capacitive input circuits at ambient 
majority of other low power temperatures of less than 75°C are given below:— 
circuit functions including 
Magnetic Amplifiers. 





Circuit cian at Stax. RactiRed R.M.S. Input Voltage (V) D.C. Output Voltage (V) 
Arrangement Diodes Current (mA) SX643 SX644 S$ X643 SX644 
























Half-wave | 
Bi-phase | 
Bridge | 


100 64 106 90 150 
200 64-0-64 | 106-0-106 90 150 
200 128 nid 180 | 300 


— 


aN — 











For further information, write to the C E <. Valve and Electronic Department 
THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W. 
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These Units are 
ACTUAL SIZE 
-made under 
U.S. licence 
from 
Winchester 
Electronics Inc. 
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NOW AVAILABLE 





SERIES ‘MRE’ 
with 7, 14, 18, 26, 
34 & 50 contacts 


Rigid top or side-entry 
ALUMINIUM HOODS 
complete with cable-clamps 
VIBRATION LOCKS 
for 7 to 34 contact 
top-entry hoods only 


SERIES ‘SMRE’ 
with 7, 14, 20, 26, 
29 & 34 contacts 
Rigid top-entry 
ALUMINIUM HOODS 
complete with cable-clamps 


SERIES ‘M?’ 


with 5, 7 & 9 contacts 


Rigid top-entry 
MELAMINE HOODS 
complete with cable-clamps 


Locking device optional 


SERIES ‘SM?’ 
with 1 and 2 contacts 
Rigid top-entry 
MELAMINE HOODS 












PROMPT DELIVERY 


= yg DO0NINOOCDOP DDD A 


*eLECTRo © 
METHODS 


inn [TD 55555", 





((OF STEVENAGE ) 





* —the foremost manufacturers of 


miniature 





connectors 





‘GOLD-PLATED CONTACTS 
made from spring-tempered phosphor-bronze 
provide low contact-resistance, 


prevent corrosion and 
facilitate soldering. 


MELAMINE MOULDINGS 


conforming to B.S.S. 1322 


provide high arc-resistance, 


high dielectric 


and mechanical strength. 











Full technical data and illustrated 
leaflets forwarded on request 
ELECTRO METHODS LTD. 

17-41 Caxton Way, Stevenage, Herts. 
Telephone . Stevenage 780-4 
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Yl COMIWHOI ... 





seats ruycleanic pulse gQUnuins 


, eee (RACAL) Digital Counting Equipment can solve them 








Digital counting techniques are be- 
ing increasingly applied to frequency 
measurement, high-speed precision 
timing, tachometry, pulse genera- 
tion, batch counting and nucleonic 
pulse counting—with great advan- 





SA.43/4 and SA.52 FRE- 
QUENCY METERS: Re- 
liable and robust digital coun- 
ters designed to count and 
display with accuracy the rate 










SA.20 FREQUENCY METER 
& UNIVERSAL COUNTER/ 
TIMER: Incorporates 4 decade 








tages in simplicity and ease of 
operation, and with unique benefits 
in accuracy and reliability. 





illuminated presentation, accu- 
racy of + | count + 0.005%, 
5 secs display time count— 
from 10 to 100,000 per sec. 
SA.21. 10 c/s to | Me/s sine 
wave and pulse; 6 decades; 
accuracy + | count, stability 
1 part in 10°. 





SA.28 FREQUENCY 
METER: 10 c/s to 30 Mc/s. 
Designed for swift and accu- 
rate measurement of frequen- 
cies by unskilled personnel. 
Also available in one unit with 
the RA.49 Droitwich Re- 
ceiver. 


of input of pulses, up to 
100,000 per second. 

Designed to measure fre- 
quencies from 10 c/s to | Mc/s 
with an accuracy of + | count 
+ | part in 10%, the SA.52 also 
measures time intervals from 
3u secs. to | second. 















SA45 MICROSECOND CHRONO- 
METER 


SA.46 DIGITAL DELAY GENERATOR 
The SA.45 measures time intervals from 3 
microseconds to | second with an accuracy of 
+ | microsecond. Longer time intervals can 
be measured on the standard equipment and, 
by the addition of a mechanical counter the 
display can be extended by as many as four 
additional digits. The SA.46 generates 
recision delays between an externally or 
nternally applied pulse and an output pulse 
in the range 3u secs. to | sec. 











STABILISED 


PU.156 
POWER UNIT. Designed to 


fill a long-fele need for an 
efficient cheap unit which can 
be built in to experimental or 
production equipments. Suffi- 
cient positive and negative H.T. 
is provided whilst additional 
unstabilised supplies at 6.3 volts 
A.C. are available. The positive 
HT. output may be varied 
between 225 and 325 volts 








SHAFT SPEED TRANS- 
DUCERS: Tachometer Gene- 
rator Type MA.38 operates the 
Frequency Meters SA.20 and 


SA.21. indicates shaft speeds 
frem 100 to 20,000 r.p.m. Where 
the torque available is insuffi- 
cient to drive the MA.38 a 
photo-electric probe unit MA.51 
can be supplied. 





DIGITAL 
PLUG-IN 
UNITS: 
The range 
of fourteen 
individual 
standard 
digital plug- 
in units de- 
veloped by 
Racal avail- 
able ex-stock as decimal and 
binary counting units, indi- 
cating units, dividers, scalers, 
totalisers, gate control units, 
amplifying and shaping units, 
trigger units, pulse invertor 
units and cathode follower 
units. 








We shall be happy to advise on the application of digital counting techniques and equipment to specific 
requirements, and, if necessary, to undertake the production of special equipment. 











€ RACAL ENGINEERING TD 
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Jill 


R/A/C/A/L/ Engineering Limited 





BRACKNELL 
BERKSHIRE 


Telephone: Bracknell 941. 


Cables/Grams: Racal Bracknell Berks 


Scottish Agent: A. R. Bo'ton & Co., 
3A, St. Vincent Street, Edinburgh. 


Telephone : 32035. 


North England Agent: Farnell 


Instruments Ltd., Hereford House, 
North Court, Vicar Lane, Leeds 2. 


Telephone: Leeds 32958. 
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Any resistance movement 





must be silent 


The variable resistor which becomes noisy—mechanically or electrically —after 
a year or two in use, is not a Fox-Pot. For Fox-Pots are designed, and 
conscientiously constructed, to give years of silent and trouble-free service 
under exacting conditions. Fox-Pots are, and remain, accurate within speci- 
fied tolerances; robust; and so dependable that they are used on very impor- 


tant projects indeed. 


For full details and specifications of the large range 
ated FOX POTS by 


of toroidal and helical potentiometers please write to:- 





P. X. FOX, LTD., DEPT. 212, HAWKSWORTH ROAD, HORSFORTH, YORKS. 
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0:03 c/s—30 Mc/s 
SIGNAL GENERATORY 


V.L.F. SIGNAL GENERATOR 


The Airmec V.L.F. Signal Generator Type 852 has a continuously 
controllable sinusoidal output with small distortion over the range 
0.03 c/s to 30 c/s. The frequency is indicated on a directly calibrated 
6-inch meter. A specially designed rotating capacitor, driven by 
a variable speed motor, is employed to modulate a high frequency 
signal. The modulated signal is rectified and then amplified to 
provide a very low frequency output which is variable from 500 
micro-volts to 50 volts. This system provides excellent waveform, 
good stability and enables changes of frequency to be made 
instantaneously. 





L.F. SIGNAL GENERATOR | 


The Airmec L.F. Signal Generator Type 702 provides output 
in the frequency range 30 c/s to 30 kc/s in three bands. A 
resistance capacitance type oscillator enables a stable output 
waveform with very low harmonic distortion to be obtained 
The output circuit incorporates a screened and_ balanced 
transformer which enables balanced, unbalanced and floating 
conditions to be obtained. A single level control is incor 
porated for setting the output to any desired value up t 
1S volts open circuit and the amplitude is monitored by: = 
meter calibrated in volts and in db relative to | milliwat F 
in 600 ohms. 








H.F. SIGNAL GENERATOR 


The Airmec H.F. Signal Generator Type 701 is an instrument of 
moderate cost but high performance operating over the frequency 
range 30 kc/s-30 Mc/s in seven bands. The use of a tuned buffer 
stage, which operates on all ranges, not only reduces harmonic 
distortion but also enables the spurious frequency modulation 
occurring with amplitude modulation to be reduced to a low value. 
The output, which is variable from | microvolt to |.! volts or is fixed 
at 5 or 20 volts, remains constant over the whole frequency range. 
The signal can be amplitude modulated internally or externally and 
its frequency is completely independent of the attenuator settings. 








Full details of these or other Airmec instruments will be forwarded gladly upon request 


AIRMEC HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND 


Telephone : High Wycombe 2060 Cables : Airmec High Wycombe fl 


; 
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| Outputs 
ands, A 
2 Output 
»btained, | 
balanced 
floating 
is incor. 
e up to 
ed by: 
nilliwatt 








By specifying JMC standard 
headed contacts you can 
relieve stock problems — for 
delivery of almost any quan- 

tity can normally be made at once. 
To this, add the advantages of lower cost, sound design and maximum operating efficiency. The 
stock answer to many problems of contact selection — and a convincing one — is the adoption of 
JMC standards. 


ONE OF THE SPECIALISED PRODUCTS OF 


Johnson Py Matthey 





A series of technical data sheets is free on request. 


AND 
JOHNSON, MATTHEY & CO., LIMITED 
in 73-83 HATTON GARDEN, LONDON, E.C.I. Telephone : Holborn 6989 
sombt & 
” Vittoria St., Birmingham |. Telephone : Centra! 8004. 75-79 Eyre St. Sheffield |. Telephone : 29212. 
SC 2 
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A problem of 


Fluctuating Voltage Supply 





A typical trawler wheel-house showing the Kelvin Hughes Fishing 


Echo Sounder M.S.29 and KH Kingfisher Scale Expander. 





Echo Sounding, 


The up-to-date fishing craft carries 
electronic echo sounders to locate the 
most promising fishing grounds. 
This equipment has to cope with 
supply voltages that fluctuate over a 
very wide range. In order to obtain 


reliability, and to safeguard the life of 





electronic components it is essential '" 


to stabilise the applied voltage. 3 


7 
How ts this achieved .. . ? j 





... Straightened out by Advance 





GD.14 
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In the Kelvin Hughes Models M.S.28 and M.S.29 Fishing 
Echo Sounders, ‘ Advance’ Constant Voltage Transformers are 
incorporated to ensure reliable long-life performance, even where, 
as on the smaller vessels, the supply may vary : 


between — 10% and + 30%. 


‘Advance’ Constant Voltage Transformers provide a.c. 
for input variations of up 
to + 15% at maximum load. For power requirements 


1% 


voltage stabilisation of + 1% 


from 4 to 6,000 watts, they are automatic and 
contain no moving parts. 


Technical details and descriptive Leaflet M28 
gladly sent on request. 





Cc 
Vv 
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VOLTAGE TRANSFORMERS 








CONSTANT 


ADVANCE COMPONENTS LIMITED 


ROEBUCK ROAD °* HAINAULT ILFORD 


ESSEX ° Telephone: HAlInault 4444 
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Complicated 
or 


simple 
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SAVAGE TRANSFORMERS LIMITED. 









In al] Massicore transformers, however complicated or 
simple, the essential ingredient is the same—con- 
scientious craftsmanship. Massicore transformers are 
built, to last a lifetime. Equally important is the 
individual attention given to all enquiries and orders 
regardless of size; and we make a point of keeping our 
delivery promises. 

























On the left (with an internal view 
shown beneath) is a three-phase power 
transformer with six channels per 
phase. Each channel has tappings to 
enable any voltage up to 180 to be 
selected in §-volt steps. Maximum 
loading per channel—s5 amps. 

And above, less complicated but 
equally well made, is a three-phase 
H.T. transformer, delta-connected 
primary, star-connected secondary. 
Secondary 4300 v. 6 kVA. rating. 
Your requirements may call for 
instruments very different from these 
examples. Please take advantage of 
our experience, knowledge and con- 
structional skill in the production of 
all types of transformers. 


Corner for Contented Customers 


“I am writing to express my congratulations to . 
you on the success of the Spark Gap Transformer 

which you made recently. The transformer, as I 

indicated over the ’phone, is functioning excellently and 

I do feel that your basis of design appears 

to be superior . . .” 

C.E.T. BERKSHIRE 


Devizes, Wiltshire. Tel: Devizes 932 
TFP/s7 
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TRANSFORMERS LTD 


USE THE TERMS 














H.1°H.2 


THEY DO SO WITH AUTHORITY 


being one of the few manufacturers with 


JOINT SERVICES APPROVAL 























for open type transformers 





LION WORKS, HANWORTH TRADING ESTATE, FELTHAM, MIDDLESEX. 
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Telephone : FELtham 666! 


1957 





AER ORE eT NOT TOR OD 


The 
cons 
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in 





ie ee 





HOW 
TIGHT 


IS 
AIRTIGHT ? 


The first stage in the manufacture of transistors 

consists of growing a single crystal from a melt either in 

an inert gas or high vacuum. In the vacuum chambers of the 
crystal growing furnaces designed by Services Electronics 
Research Laboratories a leak rate of less than 10-6 litre 
millibars/sec has been achieved. These chambers were 
fabricated by James Booth from 1-in. thick ‘MGs5’ plate 
using Argon-arc welding. Machining and finishing were 
carried out by S.E.R.L. themselves. 


If you have an application which requires the welding of boxes or 
other components in light alloys, fames Booth will be pleased to help. 


i 4 


JAMES BOOTH & CO. LTD., 
ARGYLE STREET WORKS 
BIRMINGHAM + 7 
Extrusions, large forgings, plate, sheet, strip, tubes and wire 
in brass and copper, as well as light alloys. 
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A finished vacuum 
box ready for fitting to 
furnace control equipment. 


One of two types of vacuum 
box in position. 





TGA JBG 122 


ELECTRONIC ENGINEERING 











50 kilovolt 
regulated supply 


output 50 kV at } mA 
input 200/250 volts 
polarity positive or negative grounded available 





regulation against full load: better than 1% 
against mains variation: +5%, —10%. 
Better than 1% 


£245 ex-works 





Model SO550 


10, 20, and 30 





kilovolt 


regulated supply 


output | to 10 kV at2 mA. Model A 
2 to 20 kV at | mA. Model B 
3 to 30 kV at 4 mA. Model C 
input 200/250 volts, 50 cycles 
polarity positive or negative grounded available 





regulation against full load: better than 0.5% 
against mains variation: +5%, —10°, 
Better than 1% 





Model SO530/5 £25 ex-works 
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brandenburg 


high voltage engineering 








high voltage resistors 


BRANDEN® se aw } available in two types: 
OM core Standard: Catalogue No. LS444 
a4 
TYPE iS 4 High stability: Catalogue No. HS555 





RE 


types available: 












































| 
maximum voltage tube size tube size resistance 
type that may be dropped watts LS444 HS555 range 
across resistor length x dia. length x dia. - 
AN 10 kV 5 32” x 7” 3h” x 13” 1—100 meg. ba a 
BN 20 kV 10 6” xi’ 6}” x 12” 1—200 meg. — “ 
CN 30 kV 15 82” x }” | 8%” x IR” 1—300 meg. Q rc) 
~ 
prices on application 7 3 
c 
- , Zz = 
<< 
v. —< 
S 
— | 
0 s 
+4 
< 
> 
Q 
~” 
Vv 
te 
ca 
= 
~” 
@ EHT sub-assembly ke 
input 500 v. at 100 mA. DC Y 
250 v. at 30 mA. DC - 
6.3 v. AC at 6A. 
Cc output 30 kV at | mA. 6 
b e 
EHT transformer U 
Completely incapsulated in polythene, this Ferrox- e 
cube transformer (Brandenburg type F10) working Q 
into a voltage doubler, will deliver 500 micro- 
amperes at 30 kilovolts 
available 
£7.7.0 yz 
5% c P Aaa 
, — IO high voltage plug and socket is] 
To withstand up to 20 kilovolts. Moulded in eeeet 
polythene — 
15/- complete 30 
— 
Brochure on request For further details of the Brandenburg range of standard and 
specialized equipment, please write for brochure 
Teleonics icati | Ltd 
it 196 Dawes Road London SW6 FULham 1534 
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world-wide approval 


PARTE Le a he 


Pye Telecommunications Limited are now marketing the 
widest and most modern range of V.H.F. fixed and mobile radio- 
telephone equipment available in the world. This range of equipment 
has been designed to expand the application of Pye Radio-Telephones 
already in constant use all over the world. 





BARR? 


Pye Ranger V.H.F. equipment has now received approval 
from the British G.P.O. for Land and Marine applications employing 
A.M. or F.M. systems, type approval from the Canadian D.O.T., and 
type acceptance of the F.C.C. of the United States of America. 

Pye V.H.F. equipment is designed to meet the approval 
of authorities throughout the world. No other Company holds so 
many approvals for this range of equipment, which now covers every 
conceivable requirement. 


We can offer 
FREQUENCY RANGE 
All frequencies from 25 to 174 Mc/s. 


POWER RANGE 
All powers up to | Kilowatt. 


H i CHANNEL SPACING 
Leading the world in All channel spacings including 20 


V H F RADIO COMMUNICATION and 25 kc/s in full production. 


MODULATION 
A.M. or F.M. 














PYE TELECOMMUNICATIONS No matter what your V.H.F. 
requirements are, Pye Telecom- 
munications Ltd., can fulfil them. 
Your enquiries are invited. 


distributors to 91 countries ensure 


trouble free service 





PYE TELECOMMUNICATIONS LTO ' NEWMARKET ROD., CAMBRIDGE, ENGLAND H 
Phone: Teversham 3131 Cables: Pyetelecom Cambridge 
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Capacitances x' to x'"'.... 


)) High Precision 
Oscillograph Tube 
5BKPI 


Quantity production of the 5BKP1 by ETEL is 
making it an economic proposition for more 
designers to incorporate a high precision 
oscillograph tube in a wider range of applications 
than has previously been possible. 
This five-inch tube employs a two-stage distributed 
post deflection accelerator. High P.D.A. ratios 
may be used, and the distortions caused in normal 
P.D.A. systems largely eliminated, with consequent 
advantages in brightness and deflection sensitivity. 
With a P.D.A. ratio of 5$:1 the maximum pattern 
distortion is 2% and the maximum deviation 
from deflection linearity is 2%. 
As can be seen from the adjacent data, the 5BKP1, 


with its high sensitivity and low plate input capacitances 
is specially suitable for wide-bandwidth oscillography. 
Full data is available on request. 


Abridged data 


Sereen Metal backed P1 green fluorescent medium persistence. 
Other screens available to order. 


Heater 


Vh = 6.3V e Ih = 0.55A 
. 2.3pF e y'toy"..... 1.7pF 


One x plate to all other electrodes less other x plate 3.6pF 
One y plate to all other electrodes less other y plate 1.65pF 


Typical Operation 


Val . Hee a we a a V 
Va2 . 440 to 560 . . V 
Va3 . . 1800 ij 
Va4 . . 4000. | 
Vao . . 10,000 . i 
Vg . 45to-90..V 
Sx + ee eee V/cm 
Sy 12.5. V/cm 








ETEL 


Cathode Ray Tubes 


ELECTRONIC TUBES LIMITED 


Kingsmead Works, High Wycombe, Bucks 
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T2 


1.5 X actual size 


400 mA 


**Moly-G”’, hard glass hermetically sealed case. 


Unit Weight 0.195 Grms. 


750 mA 


Unit Weight 1.6 Grms. 


NOW AVAILABLE 


SILICON RECTIFIERS 
200—600 volts P.LYV. 


High current with high voltage 


These new ‘Texas’ Diffused Silicon 


Hermetically sealed metal case. 


High Forward to reverse current ratio 


Rectifiers provide you with :— 


Wide operating temperature range 




















Peak Inverse Voltage : 200 300 400 500 600 volts 
TYPE NUMBERS Moly G: ISil1 18112 18113 18114 18115 
Metal Case: 18001 18002 18003 18004 1S005 
‘MOLY G’ ‘METAL CASE’ 
MAXIMUM Average rectified Forward Current at 25°C 400 750 mA 
Average rectified Forward Current at 150°C 150 250 mA 
RATINGS Recurrent Peak Forward Current at 25°C 1.25 2.5 Amp. 
Surge Current 1 Sec. D.C. at +25°C to 150°C 3.0 15.0 Amp. 
SPECIFICATIONS Max. Reverse Current at P.I.V. 25°C 0.2 10.0 vA 
Max. Reverse Current at P.I.V. 100°C 15.0 300 pA 
Max. Voltage Drop at [,=400 mA at 25°C 1.0 1.0 volt 








Please write for Data Sheets of these Rectifiers and of 
our comprehensive range of Silicon Transistors. 


TEXAS INSTRUMENTS LIMITED 


DALLAS ROAD - BEDFORD - TEL: BEDFORD 68051 - CABLES: TEXINLIM, BEDFORD 
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for SEMI-CONDUCTOR devices 


Introduction in the U.K. of commercial 
production of germanium from indigenous 

raw material has been one of the Company’s 
more important contributions to the 
development of semi-conductor devices. 
Methods have also been developed for 
producing gallium and antimony of 

extremely high purity. 

The JMC range of materials for semi-conductor 
applications now includes various alloys 
prepared from metals of specially high purity, 
and facilities are available for producing these 
alloys, as well as pure indium, in convenient 
forms of wire and strip. Consideration will 
always be given to the preparation of new alloys. 
















Germanium dioxide 







Germanium metal 






Gallium metal 






Antimony metal 


Indium metal 






Indium-gallium alloy 






Indium-gallium-silver alloy 







Gold-gallium alloy 





Gold antimony alloy 


SPECIALISED PRODUCTS OF 


Johnson <> Matthey 


JOHNSON, MATTHEY & CO., LIMITED, 73-83 HATTON GARDEN, LONDON, €E.C.I 
Telephone : Holborn 6989 
Vittoria Street, Birmingham, |. Telephone: Central 800! 75-79 Eyre Street, Sheffield, |. Telephone: 29212 





CON I 
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In the textiles, plastics, paper, rubber and explosives industries, as well as 
in hospital operating theatres, electrostatic charges can be a great nuisance, 
if not a positive danger. Easy detection and measurement of ‘static’ 
is a boon which the Baldwin ‘Statigun’ offers in a most handy form. This 
self-contained battery-operated instrument has only to be pointed at the 
suspected source and it will immediately give enough information to 
enable you to assess whether ‘anti-static’ precautions are adequate or 
whether further corrective steps must be taken. 


* Ask for leaflet EX-123 to learn full details 


BALDWin /) 


-o eee. SCtONE ific instruments. .... 





BALDWIN INSTRUMENT COMPANY LTD., DARTFORD, KENT Telephone: Dartford 2948 








“AIRMAX” *% xiur FANS 


REGISTERED TRADE MARK 


A REALLY LOW PRICED MINIATURE FAN 


24” Dia Series 11/H3/63.5/.8/6 
For operation on 120/240 volts Iph 50 c.p.s. (Dual) 
Fitted with open ventilated shaded pole motor 


8.5 c.f.m. against .035” s.w.g. 


Input - I] watts 


Also available for many other A.C. and D.C. voltages 
giving a variety of duties. Suitable for wide operating 
temperature ranges and climatic conditions. 





Send now for details of these and other fans from our wide range 


A. K. FANS LIMITED ™ 250" 
ON ADMIRALTY LIST A.l.D. and A.R.B. APPROVED 
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A-MP* SYSTEMS 










AID EXPORTS 
A-MP SONSTRAND terminals provide th¢ only effective 
The A-MP solderless method crimp type Solderless connection for solidfwire. 
meets wire termination specifica- Utilising the \'W"’ crimp, two indents alfgned longitudinally with 
tions in foreign countries. Use of the terminal barrel, full surface area cogtact with 
the A-MP method will enable the conductor iX assured. The folding gttion of the crimp 


completely close&the air space withig the barrel and definitely 
locates the conductor in a central pgsition. This unique 

crimp can also be uded effectively with stranded wire, combinations 
of solid and stranded\wire, or irrggular shaped conductors. 


you to compete in world markets 
It is particularly significant that 


A-MP systems are standard prac- 
tice in the U.S.A. 





SEE US NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 


AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 








London Office : DEPT. 14, 60 KINGLY STREET, LONDON, W.1I. Telephone : REG 2517-8 and 3681-2-3 
TRADE MARK Works: SCOTTISH INDUSTRIAL ESTATES, PORT GLASGOW, SCOTLAND 
* Trade Mark of AMP Incorporated, USA AP 323/50 
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Improved Permeability 
in Mumetal & Permalloy ‘C’ 
Laminations 





to the latest 
B.S. Specification 2857 


ARE YOU TAKING FULL ADVANTAGE 
OF THESE IMPROVEMENTS ? 


% Magnetic characteristics improved over the entire range of 
flux density. 


% Improved guarantees on permeability. 

% Higher inductance and impedance now obtainable for 
existing windings. 

% Specifications can now be met with smailer cores and bobbins. 


For high Q filter chokes, where the criterion is “, the 
reduction in the effective series resistance R as well as 
the increase in reactance obtainable from these improved 


laminations contributes to better performance. 





MINIMUM GUARANTEED PERMEABILITIES now available in M.E.A. Mumetal and Permalloy ‘C’ 


Class A laminations are fully described in a recently published leaflet, copies of which 
are available on request. 


PROMPT DELIVERY ASSURED . . . For the convenience of Designers who have not yet explored the 
benefits obtainable from use of these improved laminations, we are maintaining a speedy delivery 
service on prototype and experimental requirements for which enquiries are welcomed. 


/MEA The first name in nickel iron laminations 


MAGNETIC & ELECTRICAL ALLOYS LIMITED 


BURNBANK, HAMILTON, LANARKSHIRE 
Telephone : Hamilton 932/3/4 Telegrams : Magnetic Hamilton 
Branches : London Birmingham Manchester 


A Member of the Telcon Metals Group 
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Have you considered 


the advantages of magnesium 


DECEMBER 








As part of their technical service to all magnesium users, MEL make available 

a wide range of descriptive literature. Whenever a strong, light, metal fabrication 
is being considered, an invaluable guide to the application of magnesium 

will be found in the booklet MEL Magnesium Fabrication Facilities. 

More and more manufacturers are specifying this lightest of structural metals for a wide 
variety of fabrications. Magnesium is strong, easily welded and possesses very good 
deep-drawing characteristics. Magnesium machines twice as fast as aluminium, ten times 
faster than steel, giving an excellent surface finish. Usually no cutting fluids are 
required, and because of magnesium’s good machinability tools have a long life. 

These and other advantages of magnesium fabrications are being brought to 
every industry by MEL. Their Fabrication and Assembly Shops at Clifton Junction, 
Manchester, are entirely devoted to magnesium; they were planned and equipped 
with only magnesium in mind. 

Magnesium fabrication is fully discussed in the booklet 
MEL Magnesium Fabrication Facilities. You can obtain a copy by writing to 
Magnesium Elektron Limited, 21 St. James’s Square, London SW1. 


kill dead weight with magnesium 
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Building a ship. Rivet holes are being punched in the frames to match the holes which will be punched in the shell. 


C.M.A. Cables at work 


MEMBERS OF THE C.M.A. 


British Insulated Callender’s Cables Ltd. 
Connollys (Blackley) Ltd. Enfield Cables Ltd. 
W. T. Glover & Co. Ltd. Greengate & Irwell 
Rubber Co. Ltd. W. T. Henley’s Telegraph 
Works Co. Ltd. Johnson & Phillips Ltd. The 
Liverpool Electric Cable Co. Ltd. Metropolitan 
Electric Cable & Construction Co. Ltd. Pirelli- 
General Cable Works Ltd. (The General 
Electric Co. Ltd). St. Helens Cable & Rubber 
Co. Ltd. Siemens Edison Swan Ltd. Standard 
Telephones & Cables Ltd. The Telegraph 
Construction & Maintenance Co. Ltd. 


a pe 


In the busy shipyards of the Clyde, in factories all over the country, at 
home or abroad, wherever you go C.M.A. cables are at work. In the air, 
underground or underwater, in ships, coalmines and powerhouses, 
C.M.A. cables are transmitting power, unobtrusively . . . reliably . .. 
year in year out. For over 100 years members of the Cable Makers 
Association have been concerned in all major advances in cable making. 
Together, member firms of C.M.A. spend over one million pounds a 
year on research and development. At every stage from raw material to 
finished cable, technical knowledge is pooled and research co-ordinated 
to avoid wasted effort. This highly-organized co-operative research 
activity has contributed largely to the world-wide prestige that C.M.A. 
cables enjoy. It has put Britain at the head of the world’s cable exporters. 


Technical information and advice is available from any member. 


Insist on a cable with the CMA label 


Gable MAKERS ASSOCIATION, 52-54, High Holborn, London, W.C.1. Telephone: HOLborn 7633 
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AUTOMATION 
HYDRAULICS 


SELF-LUBRICATION 


In practically every industrial process to which labour-saving 
methods are applied, whether in handling or in operating, 
hydraulics offer the most accurate and ‘rugged’ way of exerting 
substantial forces for moving and lifting, or for operating valves 
and other gear. 

Moreover, it does not matter whether the plant controlled is 
near or remote. 


In modern, hydraulics, as opposed to the hydraulics of the 
Victorian era, the components are precision-made and close- 
fitting—leakage. is insignificant, so that oil can be used for the 
operating fluid, making the entire system-self-lubricating. 

In consequence, the plant needs practically no attention, and 
being made to the highest modern standards of precision, is 


extremely durable. Lockheed aia 


at a gas wor 


Lockheed hydraulic equipment has the following advantages :— 
Any desired effort may be exerted, in response to any 
initiating signal—even if of very little power. 
Controlled effort can have its speed controlled. 


System is free from over-run and other undesirable 
inertia effects. 


Power may be stored, with maximum economy, against 
peak requirements in an intermittent cycle, using 
accumulators. 


For further details, please write for pamphlets and 
kindly mention this journal. 


AUTOMOTIVE PRODUCTS COMPANY LIMITED 
Shaw Road, Speke, Liverpool Telephone : Hunts Cross 2121 
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COMPLETE INSTALLATIONS OR INDIVIDUAL UNITS 
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Steel in the picture : 





xen 
chat 
Tr ; , : : a ; imp 
Ssh! Don’t tell a soul, but you'll often hear it In fact, if you pardon our modesty, Steel, 

said that in the vital factor of quality, Low Moor be it High Speed, Tool, or other Special I reco 
: , : ‘ Steel, produced by Low Moor Alloy — 

\lloy and Special Steels frequently ‘steel the Steelworks Ltd. is quality of the highest | 
picture’. standard. trar 
‘oy full technical detail ” X 
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ALLOY STEELWORKS LIMITED 





for Alloy and SPECIAL STEELS and SUPER HIPERM | : 
Low Moor, Bradford. Tel. Bradford 77331 (9 lines) 


for EXTRUSIONS: Low Moor Fine Steels Ltd. 





LMAS/PPPS'S 
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3 new 


high voltage 


xenon rectifiers 




















3-1250 


RR3-1250A RR 











RR3-1250B 








SHORT HEATING-UP TIME - 
RANGE - NO 


Recent developments in the Mullard 1.25A range of 
xenon rectifiers have led to improved hold-off 
These 


improvements, together with the already widely 


characteristics and higher reliability. 
recognised advantages of xenon rectifiers, strongly 
recommend these valves for power supplies in 
transmitters, r.f. heaters and similar equipments. 
Xenon rectifiers can be operated over a wide ambi- 
ent temperature range, they are not restricted to 
vertical mounting, they have a short heating-up 
time and require no “conditioning” on first being 
These features make for great 


put into service. 








“CONDITIONING” 


WIDE AMBIENT TEMPERATURE 


ON INSTALLATION 


operational convenience and the valves are suitable 
for use in both fixed and mobile equipment under 
all climatic conditions. 

Two of the valves can be used as plug-in replace- 
ments for mercury types: the RR3-1250B in place 
of the RG3-1250; and the RR3-1250A in place of the 
RG4-1250 (CV5) in applications where the peak 
inverse voltage does not exceed 13 kV. Write on 
your company notepaper to the address below for a 
free booklet “High Voltage Rectifiers’ 


full data on these and other xenon rectifiers together 


9 


which gives 


with details of mercury-filled types. 
ABRIDGED DATA 














ve if P.LV. ik (pk) | Ik (av) Heating-up 
Type No. Base (Vv) (A) (Kv) MAY tay Time 





(secs) 








RR3-1250/4B32 B4F 5.0 7.0 10 5.0 1.25 30 


Mullard 


COMMUNICATIONS AND 
INDUSTRIAL VALVE DEPARTMENT 












Goliath 
Edison 4.0 11.0 13 5.0 1.25 30 


Screw 











RR3-1250A 









Goliath 
Edison 4.0 7.0 13 5.0 1.25 30 


Screw 





RR3-1250B 








































MULLARD LTD » MULLARD HOUSE + TORRINGTON PLACE - LONDON W.C.1 


S/S 
@ MVT 330 
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CUT YOUR COST 


with 








TRADE MARK 


WELL 





TESTED 
by taking advantage of costing wei 
according to the number of channels TRIED 





WELL 





required for initial coil loading, but 


TRUSTED 


£ 
bg 


ensuring complete interchangeability 





of subsequent loading. 


@ Full technical details and specifications gladly sent on application. 


Cyldon products have an enviable reputation for long life and reliability. 


They save time in assembling and testing, and after-service work is reduced : 
to a minimum. 





We will be pleased to help you with your radio and electronic problems. 3 
Our comprehensive resources and specialised experience are at your disposal. 


— > ‘@ Dd. 6 =) Ge Fae = 2 6 oD) 


>: oe EoD. «tap Sas op = 





Contractors to Ministry of Supply, Post Office, and other H.M. Government Depts. 


Se. — cpg eee 


Address for enquiries and sales correspondence :— 
London Sales & Technical Liaison Office, 3 Palace Mansions, Palace Gardens, Enfield, Middlesex. 
Telephone : Enfield 8571-3 Telegrams : ‘* Capacity-Enfield *’ 
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MULLARD 
HIGH EFFICIENCY 
POT 








have these outstanding features ........... 











Pot core design facilitating rapid assembly 
Small size 

High value inductance 

Low losses resulting in high Q values 
Very fine setting accuracies 


Operative over a wide frequency range 


t+ee + + H+ 


Controlled temperature coefficient 


Wherever high quality pot cores are 
required, there will be a Mullard type 
available to meet the specification, further- 
more, they can be supplied wound to 
customers individual requirements. 


Write now for full details of the comprehensive 


range currently available. 





‘Ticonal’ permanent magnets 
Magnadur ceramic magnets 
Ferroxcube magnetic cores 


[Mullard] 


MULLARD LTD., COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C.I 


(ow 17,1 
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MYRIA—the new electronic insulation 
tester measures from 50,000 ohms to 
200,000 megohms. It has test voltages of 

100 and 500 V. It is only necessary to 
connect the sample to the terminals, 

select the appropriate range and read the 
resistance on the meter. The Myria is 
self-contained and requires no batteries or 
generators for its operation. It is being widely 


used for the routine testing of power cables, 


¢ 

rd 77 
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Developed and marketed exclusively by: 
ELECTRONIC INSTRUMENTS LTD. + RICHMOND + SURREY «= RiChmond 5656 
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@ instantly locked or unlocked by 
quarter-turn. 


f- @ cam operation ensures smooth 
working yet unbreakable grip. 
@ steel spring gives great strength 


and prevents loosening due to 
vibration. 


} 


= 


eae FASTENER for use in any 
mee industry... 


FOR quick, safe, simple fastening of hinged or 
removable covers or panels and a hundred and one 
other fastener applications in the electrical and 
engineering industries —specify DZUS! Combining 
tremendous holding power with extreme simplicity 
in operation—a quarter turn locks them fast— 
they can easily be mounted in all solid or 
laminated materials. Any length of fastener can be 
supplied, to accommodate material of any gauge. 


% 


PROVED BY EXTENSIVE USE IN 
ALL TYPES OF INDUSTRY — 


Dzus Fasteners are ideal for inspection covers 


or hatches (no special tool is needed), 

machine covers, control boxes or panels, 

switch-boxes, facia panels, instrument panels, 
panels on electrical equipment and anywhere 
where speed in maintenance is essential. 
Specify DZUS! 
FARNHAM FACTORY ESTATE, GUILDFORD ROAD, FARNHAM, SURREY 
DZUS FASTENER EUROPE LTD. SALES AGENTS IN U.K: 

THOMAS P. HEADLAND LTD., MELON ROAD, PECKHAM, LONDON, S.E.15 
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METROVICK 


Pneumatic -Electric Converter 


tt OR mm — 


a 








the perfect link between 
pneumatic & electronic control systems 


The Type P.C.8 Pneumatic-Electric Converter has been designed primarily as a link between 
pneumatic and electrical control systems where standard units in the two control mechanisms need to be combined. 
The input pressure is the normal 3-15 p.s.i. gauge used in process controllers and the output voltage 
(100 V max.) is suitable as, for instance, a reference voltage for most commercial motor speed controls. 


Other applications include conversion ‘of air pressures for electrical recording. 


Write for leaflet No. ES4566/2 


METROPOLITAN - VICKERS. 


ELECTRICAL C¢ m8) TRAFF( MAN 





An A.E.1. Company 


INDUSTRIAL PROCESS CONTROLS 


R/E 703 
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SOLDERING EQUIPMENT 
by 


AIDCOLA 


( Regd. Trade Mark) 


(Iustrated) 
iy” DETACHABLE 
BIT MODEL 
(List No. 64) 

& 
PROTECTIVE 
SHIELD 
(List No. 68) 


Supplied or all Voltages. Designed for Factory Bench Line Assembly 
Radio, T.V., Deaf Aid etc. 


Write for Catalogues 
Sole Proprietors & Manufacturers 
ADCOLA PRODUCTS LTD., 


GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 
Telephone: MACaulay 3101 & 4272 
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S TANDARUS 
b SPECIALS 


PRICES AND QUANTITY QUOTATIONS FROM: 


Mann Ecerron 
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Design Engineers are using the 
outstanding air moving capacity 
of Plannair blowers to great 
effect in solving temperature 
control problems for both the 


as 














| 
| 


eRe ar 


electronicsand aircraft industries. 





If you need the help of the very 
best blowers available and of 
the organisation behind them 
on any matter related to the 
movement of air, please get in 
touch with Plannair Limited. 


ese 


~ 


blower 


PLANNAIR LIMITED 
Windfield House 
Leatherhead Surrey 


Telephone: Leatherhead 4091 
#) PLA 10 


- PLANNAIR 
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your press tool costs 


ee), theo HUNTON 


UNIVERSAL BOLSTER OUTFIT 






In addition to the range of Punches and 
Dies }” to 3}” dia. available from stock, 
some of the tools usually required in the 
Radio and Electronic Industries have been 
standardised for use with the Hunton 
Universal Bolster Outfit. Illustrated here 
are a few which can be supplied quickly or 
from stock. 











In London and Home Counties, ask for a 
practical demonstration in your own works. 


Alternatively, write for illustrated price list. 


HUNTON LIMITED 


PHOENIX WORKS, 114-116, EUSTON RD., 
LONDON, N.W.|I 





Tel. : EUSton 1477 (3 lines) Grams : Untonexh London 
: a 
MAIN DISTRIBUTORS FOR LANCASHIRE, YORKSHIRE Pedant vbr tt 
AND CHESHIRE— _. Plugs nd : 


JAS. H. VICKERY & CO., LTD. 


21, BRADSHAW STREET, MANCHESTER, 4 
Tel.- BLACKFRIARS 322! Grams: VICKERY, MANCHESTER 
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Quartz crystals in hermetically sealed 
cases or evacuated glass envelopes for 
frequency control and filter applications. 


As supplied to all the major Airlines 
and Radio Manufacturers. 

Fax? 
Technical service available to assist in ee 
formulating design specifications to 
customers’ special requirements. 


ee. 


A.I.D. and A.R.B. approved. Brochure on request. 


BRUSH CRYSTAL CO. LTD. HYTHE, SOUTHAMPTON 


TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON. 


Te 


— 
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FREQUENCY MEASURING MILLISECOND STOPCLOCK 
EQUIPMENT, TYPE TSA3 TYPE TSA4 


Transistorized throughout. Transistorized throughout. 
TIME measurement from 0-000! of a second TIME measurement from 0.0001 of a second 
to 114, days. ice) 278 hours. 


FREQUENCY measurement from 0:1 of a iG ‘ 
cycle to 50 kc/s. Digital counting. 


PERIOD measurement from. 0.00001 of a Measures virtually any contact or pulse 
cycle to 100 c/s. interval time within the range stated from 
5 digit display. common or independent sources. 
Digital time base. 
Accuracy better than + 0-005‘ 
Self checking on 5 frequencies. 


Variable display time from 0:5 seconds to 
5 seconds or infinite. 


Accuracy better than + 0:005 


Indicated time read direct in seconds from 
the cyclometer counter, four decimal places 
from the meters. 


Sine, square or pulse inputs. Portable - weighs only 19 Ibs. and measures 
Standard output frequencies at 0:1 c/s, | c/s, say a 7k. 
10 c/s, 100 c/s, | kc/s, and 10 kc/s 


Portable - weighs only 27|lbs. and measures ; . 
14k” x 7k” x 11%". Removable lid protects front panel and 


meters when in transit. 


Low power consumption - only |W at I2V. 


Low power consumption - only 2W at I2V. 
Price: £275 Os. Od. Price: £155 Os. Od. 


Both types of equipment are constructed from Venner 


plug-in stages and are ther ve nherently r 


Write for descriptive literature 


Wiis « ELECTRONICS LTD. 


Kingston By-Pass, New Malden, Surrey. Telephone: MALden 2442 


Ass te npanies Venner Limited Venner A mulators Limited 








- 
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SCINTILLATORS PLANCHETS, ABSORBERS 
Incr d range for counting, 
coin seunaiininin baganeaeney AND SAMPLE CARRIERS 




















The range now includes: 
Sodium lodide Crystals 


“Pamelon’”’ plastic scintillator 

Zinc Sulphide Powder and Screens 
Zinc Sulphide and Boron scintillators 
as fast and slow neutron detectors. 

For use with all standard British photomultipliers. 


Planchets and absorbers are important | 


measurement. Planchets available 
in aluminium. Lead and aluminium 
absorbers supplied in boxed sets. 








Details from: MM YOM Me) de ae ae) i ee 2) 





Telephone: WOOLHAMPTON 451 /3 Telephone: METROPOLITAN 964! 





BEENHAM GRANGE, ALDERMASTON WHARF, nr. READING, BERKS. | | London Office: 120 MOORGATE, LONDON, E.C.2. 














WE HAVE 
MADE OUR 
MARK WITH 





TRANSFORMERS, 


For over a quarter of a century we have been noted throughout Scotland for our 
transformers and coils, and indeed, there are few towns in the British Isles, or 
INDUCTORS 


countries throughout the world, where our products are not in use. Our policy 


of our many customers is convincing proof of the soundness of this policy. 
Our present activities include the manufacture of transformers and coils. Our 


ELECTRONICS 


and development of special types, and promise you our immediate and careful 
attention to your requirements. 


ATKINS, ROBERTSON 
& WHITEFORD LTD. 


THE STAMP OF QUALITY 
INDUSTRIAL ESTATE, THORNLIEBANK, GLASGOW 
Telephone: GIFFNOCK 1031/2 Telegrams: “‘“ATROWHIT, GLASGOW'"’ 





accessories for accurate radio-active i. 


AND COILS FOR has always been to concentrate on quality, reliability and delivery, and the loyalty | 


standard form of construction includes laminated and C-Core types; open, enclosed, © 
portable, oilfilled and resin cast finish. We can offer you facilities for the design © 














LONDON OFFICE: 53 VICTORIA STREET, S.W.1. Telephone: ABBEY 4704 
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~|4WORD 
IN YOUR EAR.-.- 


These are the components, made 
to exacting standards for the 
Electronics Industry, which prove that 
Brayhead put quality above all else—at 
competitive prices. Brayhead are specialists 
both as designers and manufacturers of 
all spring components, pressings, clips, 
'— the most advanced types of 


'— TV. turret tuner units and the 
| famous “Metpak’ shock absorbers. 
| E 


Follow the example 
of leading industrialists — 













or our 
les, or © 
policy & 





FULL VIEW WORKS - KENNEL RIDE - ASCOT - BERKS 


Telephone: Winkfield Row 427/8/9 ; Telegrams: Brayhead Ascot 


e specify Brayhead every time. 
a 
areful 

| BRAY HEAD (ascot) trp. 





)4 32A 
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NETTLEFOLDS 


PNEUMASERVE 


(Patents Pending) 


Nettlefolds Pneumaserve is a new portable screw-driving unit that 
can be attached to most standard power drivers. It is fully automatic and 
presents the screws ready for immediate driving. It eliminates hand 
placing and cuts assembly time considerably. 

Pneumaserve reduces the number of operatives required and 

can be readily adapted to complete automation. 

To any industry using screws in bulk it means an immediate - 
and substantial cut in direct costs. —— 4 



















Weight 52 lbs. Base 12" x 10° 
Hopper ts 22” high and 
holds sufficient screws 

for 5-8 hours work 


For descriptive leaflet or for a demonstration in your own works write to:— 





NETTLEFOLDS (MIDLANDS) LIMITED, Screw Division: Box 24, Heath St., Birmingham 18 








POLY: TETRA: FLUORO: ETHYL DAYS) a 


FOR 
ELECTRONIC - RADIO & 
TELECOMMUNICATION 
INDUSTRIES 


* FABRICATIONS 
* MOULDINGS 
* EXTRUSIONS 
* COATINGS 


For some years Henry and Thomas 
have been one of the leaders in 
designing and producing specialised 
components in P T F E 
STANDARD PRODUCTION INCLUDES 
* VALVEHOLDERS ° TUNING COILS 


* INSULATORS * WASHERS «_ SEALS 
* SWITCHES + CRYSTAL HOLDERS 
¢ AERIAL MOUNTINGS 4 


and many items for specialised application YEO STREET - BOW COMMON - LONDON E3 
Telephone No.: EAST 4545. 
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ON 
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LON _ 
These new STC valves are loctal-based, indirectly- 
heated, beam-power amplifiers electrically similar to the 
U.S.A. type 807 but with extra advantages. Little more 
than half the size of the 807 the electrode assemblies are 
more compact... stronger and more rigid . . . and the glass 
bulbs less vulnerable. Shorter grid and anode leads, and 
glass base with miniature-type pins reduce inter-electrode 
capacitance and improve performance at the higher 
frequencies. Thus, both mechanically and electrically, 
; they offer a new high standard of reliability, which, 
: together with their small size, makes them particularly 
The range of four valves offers suitable for use in mobile equipment. 
a choice of heater voltage: 
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5B/254M 5B/255M 5B/257M 5B/258M Where the overall seated height must be 
double-ended single-ended single-ended double-ended kept as low as possible, the single-ended 

5 6.3V 6.3V 12V 19V type 5B/255M may be used under conditions 
other than those of high altitude or anode 
h 0.9A 0.9A | 0.47A 0.33A modulation. The 5 B/254M is available under 
the code 5B/254G, as a flying lead version. 


5 LRT wi 
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Standard Telephones and Cables Limited 


SPECIAL VALVE SALES DEPARTMENT 
CONNAUGHT HOUSE 


63 ALDWYCH 
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LONDON W.C.2 
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Get shadow-free light on the job in hand! Use the EDM Illuminate 
Magnifier or Wall Bracket Magnifier, and have both eyes and both 
hands free for assembling and inspecting small components. The3’ 
lens magnifies the whole area without distortion, and a fluorescent | 


i ’ 
“ pega agate Dey acorn tube surrounding this lens provides a shadowless light which i) 
magnification or difficult lighting. without heat : 


E.D.M liluminated Magnifiers 


ENGINEERING DEVELOPMENTS (ENGLAND) LTD Mark Road . Hemel Hempstead . Hert: 4 
Telephone Boxmoor 4711 ¢ Agents throughout the Country 


Z,-J viacraPH 


A NEW INSTRUMENT 


plotting ; 
impedance . Aa 


EXTENDED RANGE 
MODEL 








aa OP lS 


er 


Type ZDU i 
for 30-300 Mc/s. | 


Type ZDD 
for 300-2400 Mcs. 


‘ 
3 


IN RADIO FREQUENCY CIRCUITS 





30-420 Me's. 
Eliminates lengthy and cumbersome calculations 


All measurements read direct from interchangeable charts 


A UNIQUE DEVICE specially between two voltages of unequal Angle of an unknown impedance. 


developed for rapid, accurate impedance amplitude at the same frequency. Usable without recalibration or 
and admittance measurements’ by Charts available for measurement of reconnection. 

Germany’s leading instrument-maker, Reflection Coefficient, Resistance, Write for details of this and other new 
the Z-g Diagraph indicates results by Reactance or Magnitude and Phase instruments. 


the light spot projected on to a Smith or 


characteristic’ is preeuted viealy 1 ~=ZSWELEY ELECTRIC ww. 


a few minutes. 


There is direct indication of the AYRON ROAD, k 
transmission characteristic of a four- 

terminal network or the phase angle AVELEY INDUSTRIAL ESTATE y 

SOUTH OCKENDON, ESSEX f 

U.K. Concessionaires for Rohde & Schwarz, Munich AVELFY ESS? 

Telephone : South Ockendon 2021. Telegrams: AERSALE, South Ockendon, Romford, Essex. 85/18 3 
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BROADCAST VIDICON CAMERA Type BD864 





IMAGE ORTHICON CAMERA Type BD808 (illustrated) 


' Features The most recent addition to the Marconi range of 
2DU ' Television Equipment. 
j ® Uses either 3” or 43” Image Orthicons. 
0 Mc's. ® Designed for ease of servicing, excellent accessibility Features 
DD and plug-in sub-units. oe © Compact, easily operated by one man. The camera has 
0 M © Four position turret will carry any combination from integral viewfinder with 7” tube and 2}” waveform 
- 2-inch to 40-inch lenses. 80-inch and zoom lenses may monitor and includes all operational controls. 
also be used. ; © Channel consists of Camera and Power Supply only— 
® Viewfinder can be tilted up or down to give the most but optional Remote C.C.U. and Monitor position 
comfortable viewing position. available. 
RANGE ¢ Camera Control Unit may be used with 10” picture @ Use of close-tolerance double-triodes in all valve 
L 5 tube and 3” waveform tube, or with 14” picture tube circuits except one and printed wiring assemblies 
Me's and 5” waveform tube. ensures great reliability. 
‘ * Remote control of light intensity by variable graded @ Rapid semi-automatic beam alignment, built-in 
filter. aperture correction and gamma correction circuits 
® Optional remote control of focus and turret. Optional are provided. Designed to make the best use of any of 
semi-automatic alignment circuit. the present Vidicon tubes and with ample flexibility 
- ¢ Built-in turret for neutral density and colour filters. to deal with foreseeable developments. 
a ¢ Full range of accessories available for both studio and © 4-position turret with positive location takes wide range 
outside broadcast roles. of fixed and zoom lenses. 
ew 
\\\ COMPLETE SOUND BROADCASTING AND TELEVISION SYSTEMS 
/ : MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, aaeeeemee 
7 ; 
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We positively enjoy it. We are specialist 
manufacturers of small diameter non-ferrous metal 
small bores are our business tubing anywhere in the 3/64” to 5/8” o.d. range. 
, We can fabricate, bend, turn and press to your 4 
exact specifications. Our thoughts range from 3/32” 
to 20’ in length and from 0.006” to 0.064” wall 
thickness—in aluminium, brass or copper (commercial / 
grades, h.c. and o.f.h.c.). Our tolerance can be 


= 
= precise, close or simply general purpose. 


ELLAY s 
bbes (% 


LTD. 
Ellay Tubes Limited, Cox Green Works, 


Maidenhead, Berks. 
Telephone: Maidenhead 3303. 






ea 
} 


In fact, we insist on only three things; 
absolute consistency, low cost and the right 
tubing for the job. 





Try us out on your baby. 





Precision fabricated tubular products in 
non-ferrous metals to customers’ specifications. 





ELLAY TUBES LIMITED 




















PORTABLE D.C. POTENTIOMETER 
Type P3 


This potentiometer is a medium grade instrument | 
suitable for general laboratory use, such as the 
calibration of instruments, measurement of 
resistance, voltage and current, calibration of 
wattmeters, thermocouple measurements, photo- 
electric measurements, etc. 


The instrument is completely self-contained, 
having a built-in sensitive spot reflecting galvano- 
meter, standard cell and supply battery. 


The potentiometer has an independent standard- 
ising circuit so that standardisation against a 
standard cell may be effected independently of 
the setting of the main dial. The circuit in- 
corporates a device which automatically com- 
pensates for changes in standard cell voltage due 
to ambient temperature changes. 





% RANGE:- 1.8 volts to 5 microvolts 
* ACCURACY:- 0.02% 
% PRICE:- £85.0.0 net ex. works 


CROTRON PRECISION SNSTRUNENT CO. TON Otek omen hones 


Telephone: THOrnton Heath 4025 


peer Sree oer: 
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A revolution in Oscillographs 

The Mingograph 230B permits direct 

recordings to be obtained of approximately 

ten times greater frequency range than has previously 
been possible. It is an outstanding 

advance in the field of scientific and 


industrial measuring instruments. 


MINGOGRAPH Baie 


: 
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SIEREX LTD 


241 Tottenham Court Road, London W1 
Telephone No. Langham 2464 
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“The trouble is, he’s a new 
G.G.L. fan, and they always go on 
and on about G.G.L. service and 
quality when they first discover 
it. Mind you, it is wonderful 

the way you get accurate, top 
quality work at the right price 
and the right time.’’"—*‘Don’t 
talk to me about time,’’ mutters 


the waiter. 


CAPSTAN AND AUTOMATIC 
WORK AND SHEET METAL 
PRESSINGS IN ANY METAL, ANY FINISH 
ANY QUANTITY 

FOR QUICK SERVICE AT THE RIGHT PRICE GET IN TOUCH WITH: 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 


Empire Works, Park Road, Birmingham 18. Telephone : NORthern 6221. 
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mF RHODIUM PLATING 
| IN PRINTED CIRCUITRY 2 
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The value of electro-deposited rhodium in printed circuitry is becoming 
increasingly important,. Because of its complete resistance to oxidation and 
corrosion, electro-deposited rhodium has a very low contact resistance which 
remains stable indefinitely. As a result very low contact pressures may be 
employed, but where, for other reasons, higher contact pressures are necessary, 
the hardness of rhodium electro-deposits gives exceptional resistance to mechanical 
wear. 

In printed circuitry, the chemical inertness of rhodium and its freedom from 
surface oxide ensure low noise level and complete absence of oxide rectification 
even with deposits as thin as 0.000015 in., but in practice, deposits in the order of 
0.0001 in. thick are recommended. 


be 


Tt 


IMustrations by courtesy of Telegraph Condenser Co., Lis. 


Hg I 5, A ITNT PE RE SIT IN TL TT 
_ 
La} 


BAKER PLATINUM DIVISION, Engelhard Industries Ltd. “Our technical staff is at your service te av 
assist with any problems regarding the 
52 HIGH HOLBORN, LONDON, W.C.t + Chancery 8711 electro-deposition of precious metals. 
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The Austinlite marginal relay 


Here is one of the most sensitive instruments of its kind 
on the market. Its performance is due largely to the 
powerful heavy duty Alcomax magnet which ensures 
positive contact. Made to an exacting specification, this 
high-torque moving coil relay will respond to changes of 

1 per cent in AC or DC voltage or current, and is adjustable 


between = 1 per cent and +10 per cent. 


This relay was developed for use in Austinlite Control 
Cubicles, as supplied to the G.P.O. and other telephone 


authorities throughout the world. 








DECEMBER 1957 (0 125 


c7tustinlite 


ELECTRICAL EQUIPMENT 


Tailor-made by 


STONE-CHANGE LTD. 


(Makers of Sumo Pumps and 


Stone-Chance Lighthouses). 


CRAWLEY, SUSSEX. 
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of a new series 
High Frequency Cables 
Aeraxial cables have a unique five-air cell construction which 


provides a high ratio of air to Polythene insulation—resulting 
in lower losses, particularly at higher frequencies. 


AERAXMIAL (CAT. No. 597) 





Specification 

Conductor .. 7/-010 in. 
Polythene Dia. ... *123 in. 
Braid... ae 006 in. 
Dia. over braid... +147 in. 
Overall dia. ... *210 in. 
Sheathing colour Brown 


Electrical Characteristics 


Characteristic Impedance doa se i 
ATTENUATION db/100 ft. at 45Mc/s w Oe 


at 60Mc/s nm 2 
at 200Mc/s << 
Capacitance pF/ft. ‘ie oe ae 


Power handling capacity 200Mc/s_ / --- 100 watts 
Velocity ratio V/C we sens 74 


Catalogue No. 598—As Catalogue No. 597, but with yon solid conductor 
Other details as Catalogue No. 597. 


SUPER AERAXI i (CAT. No. 499) 





Specification 

Conductor .-- 1/048 in. 
Polythene dia. ... *195 in. 
Braid... sl +006 in. 
Dia. over braid *219 in. 
Overall dia. ... *275 in. 
Sheathing Colour Brown 


Electrical Characteristics 


Characteristic Impedance i es .-. 66-77 ohms 
ATTENUATION db/100 ft. at 45Mc/s aos 

at 60Mc/s re 

at 200Mc/s se 
Capacitance pF/ft. is am Sais .-. 18-OpF 
Power handling capacity 200Mc/s 300 watts 
Velocity ratio V/C ae nw ‘75 


This type supersedes the previous Catalogue No. 499 Coaxial. 
Flat Twin Feeders are also available. 


BROADCAST, RELAY & SOUND 
DISTRIBUTION CABLES 


Double Screened Aeraxial (Cac. 625).— 
Supplied with a 1/048 high conductivity 
annealed copper conductor. The electrical 
characteristics as Super Aeraxial (Cat. 499). 


Aeraxial for Overhead Suspension 
(Cat. 626).—With a 1/048 galvanized steel 
catenary wire as an integral part of the 
P.V.C. sheath, the specification and electrical 
characteristics are the same as for Aeraxial 
(Cat. 597). 


ERIALITE 


LIMITED 


Head Office & Cable Division : Castle Works, Stalybridge, Cheshire 
Television & Electronics Division : Hargreaves Works, Congleton, Cheshire 
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The Revolutionary 
new wiring 


...+ reduces wiring 


time by half 











system 





Cradleclip 








simplicity to wiring. Makes wiring 
systems neater and more compact. 
Completely insulated and suitable for 
all climates. Wiring amendments 


and mechanical security assured 
under all conditions. 
Substantially reduces wiring costs. 


Two simple movements and Cradleclip is truly fixed, quickly, efficientl 

and neatly! The Insuloid Cradleclip system is poe) besamineg pre 
dardised by more and more Companies of international standing. 
Cradleclip, whilst being extremely simple in operation, sacrifices no point 
of technical efficiency and is suitable for service in all climatic conditions 
with a temperature range of —60°C to +-100°C. Cradleclip is another 
Insuloid contribution to progress in electrical industry. e would be 
pleased to send you fully descriptive literature telling you all about the 

Cradleclip revolutionary wiring system on request. 


1...2... and it’s fixed 


Cradleclip brings a new high speed and 


made with the utmost ease. Electrical 




























Find out about these other Insuloid products 





AS Adjustable Saddies 


The quickest, most convenient, most 
versatile and economical cable fixing 
method known. Accommodate 
cables of any diameter, type and 
combination. Gives complete 
security, and reduces costs. Made in 
highest grade nylon for immense 
strength, high insulation and anti- 
corrosion and electrolytic action. 





SAS Singie Screw 
Adjustable Saddles 


Another Insuloid quick fix efficient 
time saving system. Designed with 
slotted boss for engaging in slots in 
standard cable racking. Extremely 
economical and approved in service. 








FLEXIGUARD Cable Trunking 


Developed by Insuloid for cubicle- 
to-door wiring protection and speed 
of installation. Simple to fix and an 
obvious aid to wiring problems. 


6 





o 


Bus Bar Insulation 


Insuloid Busbar insulation. Shrunk- 
on hard plastic sleeving brings 
immediate savings in cost, 

time and production with increased 
efficienc , and safety. 








NX, X & CY Clips 


The well known 

Insuloid range of 

cable clips in nylon 

and P.V.C. For long service, anti- 
corrosive, non-chafing and very 
economical. 


INSULOID 


Sharston Works, Leestone Road, Wythenshawe, Mc. 
Tel. Wythenshawe 2842 & 3163 
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Ringlock Bush 
\ A snap action, quick 
locking bush that 


will not come out 
after fixing. Simple finger action, 
instantaneous assembly for complete } 
security inservice. Non-metallic, high 





dielectric, fully tropical, L 
approved all services. b 


MFG. CO. LTD | 
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High power isolator L251 
This is a non-reciprocal waveguide 
component having an insertion loss 

in the direction of propagation of less 

than 1.0dB and a reverse loss of 
greater than 20dB at the centre 
frequency. The bandwidth is such 


that range of 1500 Mc/s 


over a 
centred on gooo Mc/s the reverse 
loss is greater than 15dB while the 
insertion loss remains less than 
1.0dB. Primarily intended for high 
power radar applications, this X-band 
isolator provides a useful ancillary to 


microwave laboratory equipment. 


Mullard 


SPECIALISED ELECTRONIC 
EQUIPMENT 






Mullard) 
WA 


: MULLARD LIMITED 
EQUIPMENT DIVISION MULLARD HOUSE 
DECEMBER 1957 





































TORRINGTON PLACE 


Low power isolator L250 


The X-band isolator L250 is a non-reciprocal waveguide com- 
ponent having an insertion loss in the direction of propagation of 
less than 1.0dB and a reverse loss of greater than 20dB at the centre 
frequency. The bandwidth is such that over a range of goo Mc/s 
centred on 9375 Mc;s the reverse loss is greater than 1 5dB while 
the insertion loss remains less than 1.0dB. The device depends for 
its action on the non-reciprocity exhibited by ferrite materials at 
microwave frequenc ies. This property is due to the phenomenon of 
gyromagnetic resonance. The device will find applications in the 
fields of radar, communications and microwave investigation in the 


laboratory. 











Design features 


Low attenuation in the direction of propagation. 
Permanently magnetised. 

Preset centre frequency. 

Good bandwidth and matching characteristics. 


TELEPHONE: LANGHAM 6633 


PP mesos 


W.C.1 
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DESIGNED for ACCURACY 


PECIALISTS in the manufacture of 
Variable Wirewound § Resistors 
for over 20 years, Colvern Ltd., 
are BRITAIN’S largest manufacturers of 


these components 





Our fully comprehensive range includes:- 


* Sealed Wirewound Potentiometers and Variable 


Resistors Fully Type Approved to Inter-service Specifica- 


HEMISPERICAL 1 tions RCS/121 and RCL/121 
SHAPES THAT FORM 
TH E BO DY oO F T H t rating, including multi-ganged types and semi-preset 
H re ] re] Vv E fe Controls for Television Receivers 
CONSTELLATION 
Cc L * A » & e * High Accuracy Precision Potentiometers including 
sine/cosine types. These Potentiometers—the most 
A ° . os “ — accurate made in the world to-day—are 
BY 


¥e Standard Wirewound Potentiometers from | to 15 watts 


incorporated in most modern Radar, 


Navigation and Computing Equipment 


* Ten Turn Helical Potentiometers 


PHOTOGRAPH BY COURTESY OF MESSRS. HOOVER LTD. 


N.C. ASHTON LTD. |COLVERN LIMITED | Dn 
ST. ANDREW’S ROAD Spring Gardens - Romford - Essex | rs 
HUDDERSFIELD Telephone Nos: Romford 8881 /2/3 [ 


TELEPHONE: HUDDERSFIELD 6263/4 NAS RSA I ARM MMR 


c.w. 4082 
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PRECISION IN INSTRUMENTATION 
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MICRO SWITCHES 


limit movements and initiate sequences in 





industrial and laboratory test equipment— 


in the Stanton Thermobalance for example 


The Stanton Thermobalance, 
manufactured by Stanton Instruments 
Limited, 119 Oxford Street, London, 
W.|, finds worldwide use in industrial 
and research laboratories for the 
accurate measurement of weight 
changes under conditions of varying 
temperature. 




















we a 

4 s 

a a, 

: 2 

a ‘ 

- : 

a a 

if 1 

s ~ 

s ‘ 

a * 

a 

& * 
Mechanism of the Patented Electric Weight Loading : The NEW V3 - Operation of a Burgess V3 Micro Switchette 
Device, showing four Burgess V3 Micro Switchettes * Micro Switchette ‘ fitted with VLRI Auxiliary Actuator in the 
fitted with VLRI Auxiliary Actuators arranged for cam  (@ — with Nylon Plunger gy Automatic Periodic Timer. 
actuation. TTTITTLLLLLLL = Send for Catalogue 50/9. 


BURGESS BRITISH MICRO SWITCHES I[ndustry’s Automatic Choice 


BURGESS PRODUCTS CO. LTD., Micro Switch Division, DUKES WAY, TEAM VALLEY, GATESHEAD 11. Tel: Low Fell 75322. Telex: 53-229 
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Former 


Specialists 
Bowie FORMOTS we esc: tune, es, ce 


e year and manufacture‘in any insulating materials L/ 
te bate! Bobbins including Bakelite and Presspahn 
# 4 
7 Tat DUG MITIE 


AID Appr 
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Tuskite Works, Marsh Road, Pitsea, Essex. Telephone: Vange 2167-8 








Our wide range of capacitors, incorporating all the very latest 
developments, are described fully in these new leaflets ... 


PHOTO-FLASH EQUIPMENT - DEAF AIDS 
FRIVATE TELEPHONE INSTALLATIONS 
AMPLIFIERS » D.C. POWER UNITS 
TRANSISTOR EQUIPMENT 
MAGNETISATION 

EQUIPMENT 

TEST GEAR 





Condenser Specialists for over 20 years. 
DALY (Condensers) LTDs, WEST LODGE WORKS, 


THE GREEN, EALING, LONDON, W.5. PHONE: EALING 3127-8-9. CABLES: DALCYON, LONDON = 
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FULLY AUTOMATIC 


WINDER 


THE FASTEST WAY IN THE 
WORLD TO WIND 
UNIFORM TOROIDS 


NOTE THESE 


OUTSTANDING FEATURES 


BOESCH fully automatic machine can’t 
help winding consistently uniform 
toroids, cores are positioned and rotated 
automatically . . . eliminating operator 
variation. Production speeds are the 
world’s fastest, fixed at 600 r.p.m., 
variable from 0 through 1200 r.p.m. 


Model TW200 winds all types of magnet 
and filar wire including silk, cotton, 


Teflon and sleeve covered wire, from 20 to 
42 AWG. Toroid 


size can range 
from 0.218” i.d. 
up to 5” o.d. 


Write for details to Dept. E.E.!. 


TOROIDAL COIL 


BOESC 














360° AND CONTINUOUS WINDING 


SEGMENTAL WINDING 


LONGITUDINAL WINDING ON 
RECTANGULAR CORES 


PRESET LENGTH-OF-WIRE COUNTER 
PREDETERMINED TURNS COUNTER 
FIXED OR VARIABLE WINDING SPEED 
FOOTSWITCH CONTROL 
INTERCHANGEABLE SHUTTLE HEADS 


SHUTTLES AND SLIDERS FOR WIRE SIZES 
#20 THROUGH #42 AWG 


UNIFORM, CONSISTENTLY IDENTICAL 
| TOROIDS 


SINGLE LEVER CONTROL FOR CLAMPING 
AND SPREADING SHUTTLE 


ONE HAND CONTROL FOR_ INSERTING 
CORE AND REMOVIMG FINISHED COIL 


DEVONSHIRE HOUSE - VICARAGE CRESCENT + LONDON - S.W.I1!1- BATTERSEA 8888. 
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MANUFACTURED BY SEMBACH & CO. K.G., GERMANY 


ENQUIRIES W. GREENWOOD (LONDON) LTD. 


110 PETERS COURT, PORCHESTER RD., LONDON, W.2 
SOLE AGENTS FOR U.K. AND COMMONWEALTH TEL: BAY 816! 















a ities FOR wove ELECTRONIC INDUSTRY ARE MADE ON THE | 66 


APM 21 


HAND OPERATED BENCH 
INJECTION 


MOULDING MACHINE 


Suitable for working CELLULOSE ACETATE, POLY- 
STYRENE & POLYTHENE with normal cylinder— 
NYLON with special cylinder. 


@ FITTED WITH SEMI-AUTOMATIC HOPPER FEED 


Capable of Production Rates depending upon mould design 
up to 100 injections per hour without special skill. 


TWO TOTALLY NEW;FEATURES :— 


Fitted with new Leak-proof Capable of accomm odating ' 
Self-sealing and Interchange- moulds of varying sizes in new 
able Cylinder Unit (patented). | Quick-acting Camlock Vice. f 























Particulars from 


ASMIDAR PLASTIC MOULDING MACHINES LTD. | 


5 RAMPAYNE STREET, LONDON, S.W.I. Telephone: ViCtoria 5554 
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™! “Castanet”? Tantalum Electrolytic Capacitors 


REGD. TRADE MARK 


The tantalum capacitor has been developed to meet the special requirements 
of modern electronic design. The advent of miniaturisation, and remote 
control of equipment used in extreme conditions of temperature and 
humidity, has created a demand for a physically small capacitor having a 
stable performance over a wide range of temperatures. 
Hi The widening application of control and timing circuitry requires large 
values of capacity with low leakage current previously met only by 
physically larger components. 


E Applications 

A principal use for the ‘“Castanet” capacitor is where temperature 
conditions preclude the use of more conventional types. Equally important, 
however, is its small physical size and low electrical leakage—both 
D : characteristics combining to make the “‘Castanet”’ ideal for use at normal 
zn temperatures. 

Long shelf life provides a very attractive feature for yse in equipment 
which has long periods of inactivity. Typical applications include timing, 
delay switching, and servo-control circuitry, which depend on low 


2. | Ple S sey leakage properties. 


CHEMICAL AND METALLURGICAL DIVISION - COMPONENTS GROUP 








D. ' THE PLESSEY COMPANY LIMITED - WOOD BURCOTE WAY - TOWCESTER - NORTHANTS 
TELEPHONE: TOWCESTER 312 
—m © Overseas Sales Organisation: Plessey International Limited - Ilford - Essex * England - Tel: Ilford 3040 @ Tos 
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A selection of 
precision fans 


A variety of fans for electronic equipment are detailed 
in Woods small fan catalogue V3695, just out. Included 
amongst them is the 2.4in., 400c.p.s. fan above. Running 
at 11,000 r.p.m.,it develops lin. w.g.; weighs under 1 1b. 


May we send you the new catalogue? 






Short casing arial 
fans 42", 6”, 12”. 








Two stage azial | Centrifugal fans 
from 73" upwards. | ae ot 


woobDSs 
of COLCHESTER Ltd. 


BRAISWICK WORKS, COLCHESTER 
Telephone Colchester 5111 
Fan manufacturers since 1909 
AN ASSOCIATE COMPANY OF THE GENERAL ELECTRIC Co. Ltd., OF ENGLAND 
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Birch) | 


REGISTERED TRADE MARK 


VITREOUS 
ENAMELLED | 
RESISTORS 








Z ee tHee 





FERRULE END TYPE 
(JOINT SERVICE — TYPE APPROVED) i 
9 SIZES — 10 to 250 WATT : 






Fully vitrified porcelain former, winding 
80/20 nickel chrome wire. High rating, 
liberal safety margin and tolerance. 








WIRE END TYPE } 
7 SIZES — 1} to 30 WATT 


Axial or radial leads, tinned, securely | 
fixed to the unit and capable of support- +— 
ing the weight of the resistor, which can 
therefore be soldered in to equipment. 


The specially developed enamel of these resistors, fuses to an 
intensely hard, high gloss surface giving complete —— to -- 


the winding under the most adverse conditions. enamel is 
completely inert at all times and free from crazing, which allows 
wires of the finest procurable gauges to be safely employed. 
Hence a wide range of resistance values is available in each size 


Write for List No. 190 


Birch 


H. A. BIRCH & CO. LTD. f 


WOOD STREET, WILLENHALL, STAFFORDSHIRE 


Telephone WILLENHALL 494 - 495 Grams WILOHM WILLENHALL 
LONDON OFFICE: I-5 NORTHOLT ROAD, HARROW, MIDDLESEX 
Telephone : BYRON 5120 
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POWER TRANSISTORS 


available NOW in commercial quantities 


These have been in regular quantity 
production for the past two years, 
and have proved themselves reliable 
and stable in a variety of applications. 
They are admirably suitable for all 
forms of DC to DC or DC to AC 
Converters, High Power portable 
Amplifiers and Public Address 
Equipment. “‘cottopr’’ Power 
Transistors are the first to be offered 
for immediate delivery in quantity. 
Representing the latest develop- 
ments in semi-conductor technique 














for power applications, these 
entirely British-made p-n-p 
Germanium Junction Transistors 







will open up entirely new fields to 





designers of industrial, commercial 
and military equipment. 










Available in 6 TYPES, all for 10-watts power dissipation: 


V15/10P. V15/20P. V15/30P. for 15 volts max. 
V30/10P. V30/20P. V30/30P. for 30 volts max. 





Mazimum Collector Power Dissipation 
(DC or Mean) for all types 


tamb=25°C 


tamb >25°C 
Reduction/°C 














(1) Clamped directly on to 50 sq. in. of 
16 S.W.G. aluminium 





(2) Clamped directly on to 9 sq. in. of 
16 S.W.G. aluminium 





(3) As (2) but with 2 mil mica washer 
between heat sink and transistor 


10W 200m W 

4wW | pare 

7 2W 40mW 
w | 2omw 


(4) Transistor only in free air 











High power rating—up to I0W at 
audio and supersonic frequencies. 


High current ratings up to 3A DC. 
Long life. 


Excellent resistance to mechanical 
shock. 


Hermetic sealing and rigorous manu- 
facturing control ensure uniformity 
and stability of a high order. 














All trade enquiries to: 





British Design, Materials and Craftsmanship 


Data sheets gladly forwarded on request 


Newmarket Transistor Co. Ltd. 


Exning Road, Newmarket. 












Telephone: Newmarket 3381/4 





DECEMBER 


1937 
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16 features prove Bercostat « 
strongest, most compact rheostat 
for precise current control 


Bercostats are at work down coalmines . . . in the Viscount 
and Britannia . . . wherever designers want a sturdy, compact 
unit for accurate control of volts and amps. We will gladly 
advise on your own uses and give quick delivery. Study the 
features below, and you'll agree the Bercostat proves BERCO 
know how ! 








* Bercostat toroidal-wound power rheostats, now in 
8 sizes. Ask for Lists 613A and 613C. 


Silver graphite brush contact. 9 Winding embedded in vitreous 
enamel. 
. — point for self-aligning 10 Vitreous enamel bond be- 


tween former and base. 


3 Pigtail shunting brush arm. t8 = =Allceramic construction with- 
4 Nickel silver brush arm. stands 5000v. flash test. 

Ml ™ a 
5 Glazed porcelain brush arm §2 Non-grooving return contact 


late. 
insulator. P 


—_ ; 13 Stainless steel spindle. 
6 Winding welded to terminal 


hend. 14 Electro-tinned mounting as- 
sembly. 
7 End contact band and terminal. 15 Panel locating washer. 


8 Brush terminal. 16 Special stop feature. 


Berco pioneered toroidal-wound power rheostats ... 


BERCO KNOW HOW 


THE BRITISH ELECTRIC RESISTANCE CO., LTD., 
in association with 
THE BRITISH POWER TRANSFORMER CO., LTD., 
QUEENSWAY * ENFIELD MIDDLESEX 
Telephone: HOWard 2411 * Telegrams: Vitrohm, Enfield 
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Why be weighed down FR | 
with your packaging? Aw ; 


Remploy Packing, Identification and Preservation 
Service is one of the largest organisations of its kind 
in the Kingdom. Six factories conveniently situated 
in industrial areas throughout the country— 
Birmingham, Coventry, Leeds, London, Sheffield, 
St. Helens—are fully equipped and staffed to handle 
efficiently all types of Home and Export packing. 


Remploy have first-hand experience of all Govern- 
ment requirements and Specifications and have for 
many years handled a large variety of goods for the 
Ministry of Supply and other Services. All factories 
conform to Ministry Contractual Clause CC3, and 
are on the approved list of all Official Inspectorates 
(Admiralty, A.I.D., I.F.V., I.E.M.E., C.1.S., and 
2A.) 


Remploy make the cases and cartons required, 
and have their own printing and labelling Units— 
items of convenience and economy worth considera- 
tion by you. A full knowledge of latest packaging 
specifications and facilities for designing and 
developing suitable packs are at your service and 
Remploy will be happy to undertake prototype and 
development of packs for all types of equipment. 


Remploy also have a special De-rusting Plant 
which undertakes cleaning, de-rusting and phos- 
phating of stores and components. 


A fully experienced representative will be pleased 
to call on you to discuss your packaging problem 
and to explain fully the advantages offered by the 
Remploy Packaging Service. 


Please address enquiries 


PACKAGING 
SERVICE 


Oxgate Lane, 
Cricklewood, 
LONDON, N.W.2 
GLAdstone 8020 


DECEMBER 





Pass it to Remploy Packaging Service 


t0:— 


Remploy Limited, 
Packaging Group, 


1957 
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Holding out for good 
connections? 


There are almost certainly enough high grade SPECIFICATION 
ones in this 62-way connector. It was designed to Contact Resistance : less than 3 milli-ohms 
fulfil an Admiralty requirement that could not be Insulation : 2kV. between contacts 
met by any other connector, and you will find it ey wey caer Can Se 
i i z : Current rating: 10A. max. per single contact 
Suitable for many rack-mounting applications Insertion pressure : 30 lbs. 
where low contact resistance, high voltage and Withdrawal pressure: 13 lbs. 
current capacity and excellent insulation are 3l-way connector also available with identical specifications except 


that insertion and withdrawal pressures are 20 Ibs. and 9 Ibs. 


major factors. “ 
respectively. 









A.!|.D & A.R.B — APPROVED 


POWER CONTROLS 


: & D 

















POWER CONTROLS LIMITED, EXNING ROAD, NEWMARKET, SUFFOLK 


Telephone : Newmarket 3181 /2/3 Telegrams : Powercon Newmarket 
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AT EVERY WIRES END... theres 2 
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. . . without delay . . . every one of our standard range of over 
130 different types is always available from stock! 
We specialise in the supply of terminals, tags and clips. Small quantities? 


With pleasure! Our | gross boxes of high-grade terminals 


POT 










are famous throughout the industry. Please write or phone for catalogue 


S. H. COLLETT Mfg Co Ltd 
Electronics Dept., 347 & 349 Goswell Road, London, ECI Tel: TERminus 2584 
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! Mastertape | 
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1 M.S.S. RECORDING CO. LTD., COLNBROOK, BUCKS. L 
\ Telephone : Colnbrook 243! (8 lines) 
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It doesn’t matter whether you call it... 


aa ~~ the CARPENTER Polarized Relay 
or the Carpenter POLARIZED Relay 
or the Carpenter Polarized RELAY 


it is the polarized relay, with the UNIQUE combination of superlative 
characteristics, that has solved, and is continuing to solve many 
problems in... 


High speed switching - Control 





Amplification - Impulse repetition 


for : Industrial recording 
Aircraft control and navigational equipment 
Automatic machine control 
Analogue computers 
Temperature control 
Servo mechanisms 
Submarine cable repeaters 
Burglar alarm and fire detection equipment 
Nuclear operational equipment 
Biological research 


Theatre lighting “dimmer” 
and colour mixing equipment 


Teleprinter working 

Automatic pilots 

Remote control of Radio links 
Theatre stage-curtain control 
Long distance telephone dialling 


V.F. Telegraphy 
etc, etc, etc. 





Therefore — if your project, whatever it may be, calls for a 
POLARIZED relay, with high sensitivity, high speed without contact 
bounce, freedom from positional error, and high reliability 

in a wide range of temperature variations, you cannot do better 
than use a CARPENTER POLARIZED RELAY. 






TYPE 51 


Write or ‘phone for technical data — 


TELEPHONE MANUFACTURING CO. LTD. 


"mace mae DEPT. 407, HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2I 
; TELEPHONE: GIPSY HILL 2211 

5 Basic types are available each 
with several variations for special 
purposes. 


creme ctssconepcrnen coum -une-ysussnanes wear enue cosetailns is em npiviuasepusenmaeies gum a emmnsanie ane queens eniane muss amais sina seiabshin Gummnaistelaniaeiainiamernmmani 
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For magnets for all dynamo ROTOR 
designs and power outputs “ Eclipse”’ 
offer unique advantages. Their 
Technical advisory service and 
efficient bulk production methods 
are based on the unrivalled experience 
which has made “ Eclipse” magnets 
and magnetic devices famous through- 
out the world. Let your next 
planning start with “ Eclipse.” 

















MULTI-POLE 
ROTOR 











SIMPLE CYLINDER 
FOR ASSEMBLY WITH 
INTERLEAVING M.S. 
POLE-PIECES TO MAKE 
A MULTI-POLE ROTOR 








Literature on request. 











SIMPLE BLOCK 
FOR ASSEMBLY 
WITH MILD STEEL 
POLE-PIECES 


















Made by the designers & manufacturers of Eclipse permanent magnets & chucks 
JAMES NEILL & CO. (SHEFFIELD) LTD SHEFFIELD ENGLAND 


M9 




















Type 1430A 

















Pulse Amplifier, Type 1430A is a wide 
band linear amplifier comprising three 
units designed for use with fast 
ionisation chambers, proportional 
and scintillation counters. 


<Cathode Follower 
H.F. Head Amplifier 


a: 
H.F, Head Amplifier , 
Input: 10 megohms, ropf. 


SPECIFICATION : 
Main Amplifier 





NUCLEONIC AND l 
ELECTRONIC DEPARTMENT —| 
| 

| 


Dynatron Radio Ltd., 
Maidenhead, Berks. 





Input: 100 ohms impedance. Negative polarity. 
Gain: Maximum 86dB. Coarse Control: —o to 
20dB. Fine Control: —o to 20dB in steps of 
2dB each. 

Integrating Time Constants: 0.08us to 8yus in 
7 steps. 

Differentiating Time Constants: 0.08us to Sus 

in 7 steps plus 25ous step. 

Output: Positive sov. for 1% linearity. 
Saturation 7ov. ‘ Meh 
J = . .{1.25dB to 1.4 Mc/s. 
Upper Frequency Response:{ "2548 a8 Mich. 


Output: Designed to feed into 100 ohm matched 
cable. 


Gain: 31.5dB. 

Filter: E.H.T. Filter suitable for voltages up 
to 3kV. 

Cathode Follower 

Input: 10 megohms, 10 pf. 


Output: Designed to feed into 100 ohm matched 
cable. 


Insertion Loss: 23dB. 
Filter: As in H.F. Head Amplifier. 


Scalers ~ Pulse Generators Pulse Analysers - Power Units ~ Probe Units - Pulse Amplifiers - Instrument Racks 
PA 
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Design today for tomorrow’s products... 
Select POLYPENCO Industrial Plastics 


Polypenco products and engineering service are your answer to new developments, 
improved quality, lower costs. 


Industrial plastics with distinctive quality and performance : 
POLYPENCO NYLON 66 STOCK SHAPES 
Rod : Strip - Tubing - Tubular bar - Hexagonal bar - Plate 


Highest quality nylon available from stock for fast, economical 
machining on standard metalworking equipment, ensuring close 
production control. Wide ranges of sizes immediately available 
from warehouse stock. POLYPENCO Nylon 66 is long wearing 
and resilient, with low surface friction eliminating the need for 
undesirable lubrication. It dampens noise, is non-galling in contact 
with other materials. It has good electrical insulating properties. 
Standard shapes are also available in Type 610 Nylon and “Nylatron” 


GS. 








POLYPENCO PTFE STOCK SHAPES 
Rod Tubing - Tubular bar - Sheet - Thin Wall Tube and Sleeving - Tape 


Easily machineable stock shapes in a wide variety of sizes with 
uniform, controlled density and maximum dimensional stability. 
Dielectric materials with superior performance properties. Provides 
excellent resistance to heat and moisture with outstanding electrical 
and chemical properties. 








NYLAFLOW PRESSURE TUBING 
Type H—2500 p.s.i. Burst Pressure - Type,T—1000 p.s.i. Burst Pressure 


“Nylaflow” is a tough flexible polyamide tubing being used success- 
fully in many industries for air lines, grease, oil and fuel lines, low 
pressure hydraulic lines, beverage lines, caustic and solvent lines 
and many other applications. NO OTHER tubing offers the same 
unusual combination of physical properties with ease of installation 
—to provide lower costs, long tubing life. 








Over a decade of specialising in supplying these modern industrial 
give you unparalleled service and technical assistance. Write or7t 


plastics to the engineering industries enables us to 
elephone today on how to apply or use POLY- 


PENCO industrial plastics in YOUR products and equipment. Remember they are not the same so specify the name: 


POLYPENCO LIMITED 


68-70 Tewin Road, Welwyn Garden City, HERTS. 
TELEPHONE : WELWYN GARDEN 5581-83. 


Representatives in principal cities throughout the world. 
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POLY PENCO 
cs 


“ Polypenco’’, “‘ Nylatron’’ and “‘ Nylaflow’’ are trademarks. 
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ROD 
BAR 
SHEET 

STRIP Ps 
GAUZE 
WIRE-ROPE 
CASTINGS 
to A.I.D. 
and A.R.B. 


specifications 

















THE TUNGUM COMPANY LIMITED «© CHELTENHAM «© ENGLAND ' a 
- AUTOMATIC | 

GRAPH || 

PLOTTING || | 

Li 

From ’ f 

PUNCHED CARDS, | \ 
PUNCHED TAPE : 
or KEYBOARD. 


DOBBIE MINNES L” | | 
BROOMLOAN ROAD, 
GLASGOW, S.W.|. ' 


Telephone: GOVan 2394. 
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“Lighting Installation of New Factory built for 

De Havilland Propellers Limited”’. 

“Architect and Engineers; Monro & Partners”. 

“Consulting Eng neers; George R. Clay” A.M.1.E.E. 
“E’ectr'cal Contractors; Messrs. N. G. Bailey (N .W) Limited” 


FALKS Lighting Engineers offer 


you the following service :— 


@ Study of your particular lighting problem 


either at your works or from plans. 


@ Recommendation of the most suitable 
method of lighting and type of lighting fitting. 
@ Preparation for your approval of lighting 


lay-out plans and estimates. 


Catalogues of tungsten and fluorescent lighting 


fittings on request. 





eT eee Mere ee Re mg | 


91 FARRINGDON ROAD LONDON EC1 and branches : Telephone: HOL 7654 


FALK, STADELMANN & CO. LTO London Showrooms: 20/22 Mount Street Park Lane London W1 - Telephone: MAY 5671/2 
P20 
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| DECORATIVE | 
i METAL FINISHES § 
i : 
/ 





| LIGHT ASSEMBLIES | 
MORE AND MORE of the leading Radio and Electrical manu- ! & FABRICATIONS : 
facturers are discovering, in dealing with Framestyles, ' 
FINE-LIMIT : 
that workmanship of high quality is still compatible N 
PRESSINGS 


with reasonable prices. Our wide experience enables 


us to offer expert advice on your problems 


/ 
! 
! 
! 
| 
! 
| 
| 
| 
/ 
| 
| 


Framestyles Limited, 
Stapleford, Nottingham 


Telephone: Sandiacre 3463 /4 





in our field, and we welcome opportunities 


—_ ACOMPANY 
to do so, whatever industry you may be in. fF he. 


A ToL GROUP 


AMPHENOL (Great Britain) LTD. 
invite enquiries for engineering data and de- 
tails of the availability of the well-known 3 
range of “‘ AMPHENOL” Products. 4 
AMPHENOL (Creat aritair) LTD. 
Ormond House, 26/27 Boswell Street, London, W.C.|. ‘ 

















a 





: 





Telephone CHAncery 8956 
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=| YOURSELF/ 


IES 


LEKTROKIT 








2 EBM 








HOW LONG 
5 
does it take ? 
HOW MUCH 
does it cost? 
to produce an experimental chassis 
am If you don’t already know, please 


spare a while to find out. 


Then, when you are horrified by 
the answers, spare a little more 


7 } time 





to 


nse 


investigate 


LEKTROKIT 


THE VERSATILE ELECTRONIC CONSTRUCTION SYSTEM 


aieneamieemenines 
RESINS, RG AE Ey ore 


Avoid the delays of layout, drawing Keep the work in the Laboratory under 
p and metal fabrication. the designers’ control. 
e Modifications to design cause no Designed for almost unlimited 

problems. expansion. 

Saves Time. Saves Money. 


Write or ’Phone for Full Details to :— 
BYFLEET 441i] 


ALL-POWER TRANSFORMERS LTD. 


=i § CHERTSEY ROAD, BYFLEET, SURREY. 
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P.O. Type 3000S WL 


The most versatile relay me oyer 
available today. 
Coils up to 120,0000 . . wor a 
Spring Set Insulation up to for 
5KV 


METER PROTECTION 
TIME DELAY 
OVERLOAD TRIPS 
ALARM SYSTEMS 


FLASHING & PULSING 


PROCESS CONTROL 


TIMING DEVICES 


MAINS FAILURE 
PROTECTION 


COMPLEX OR 
SEQUENCE SWITCHING 


Are you aware of the variety 
of contact build-ups we can 
assemble? Your problem may 
not be as bad as it seems if you 
take advantage of our wide 








experience in the unlimited . SELECTION & 
; Pol lays, 
uses of this adaptable product. to lly COUNTING SYSTEMS 
a | Switches, all types . 

; ype Relays HIGH VOLTAGE 
Quotations by return od thee SWITCHING 
Prototypes within 48 hours Built to R.C.S. and R.C.L. ; 

Good delivery guaranteed 161 and 153 if required 


ees 
2 





cole Darris (Relays) Lad 
Consult the Speccatists / (DEPT‘E') TUDOR PLACE, LONDON, W.! 
° TELEPHONES:MUSEUM 7960 LANGHAM 4821 













To illustrate the extreme hardness of SINTOX 
Industria] Ceramic, the photograph on the right 
shows a 4” diameter tube of SINTOX which, 
without even chipping, was forced through a 3” 
thick mild steel plate. 


SE mee & IN THE ELECTRICAL INDUSTRY 


Compared to porcelain, in tension, compression and cross breaking, 
SINTOX has at least twice the strength; and insulating 
properties twice as good. 


Electrical resistance—SINTOX is so little affected by temperatures 
that at 300°c. it is about one million times that of of porcelain. 
Thermai conductivity twenty times better than porcelain—almost 
comparable with steel. 


SINTOX has already many applicationsJin the electronics field. 

For instance, for formers in place of traditional wire-wound 

resistors and in the repeaters used for the Trans-Atlantic cable. Other 
applications in the electrical industry are legion. 





Sintox Technical Advisory Service 


This service is freely available without obligation to those requiring 
technical advice on the application of Sintox Industrial Ceramics. 
Please write for booklet or any information required enclosing blue 
print if available. 


SINTOX IS MANUFACTURED BY LODGE PLUGS LTD. RUGBY 








ELECTRONIC ENGINEERING 146 DECEMBER 1957 
































35mm. 

OSCILLOSCOPE 
CAMERA 

Series 100 


*% Frame Counter. * Hoods available to fit most oscilloscopes. 
* Interchangeable lenses. *% Hood, with continuous viewing. 
*% Adjustable magnification ratio. % Simplified and accurate focusing. 


* Beam trigger switch coupled with shutter contacts. 





J. LANGHAM THOMPSON LTD. A | LT 
BUSHEY HEATH - HERTS - ENGLAND GROUP. 
Telephone: BUShey 2411 + Grams and Cables: “Tommy Watford” iT 10 


















A Saturable Reactor is an infinitely variable A.C. 
Choke. It has no moving parts, control being effected 
by forcing a D.C. magnetic field through the A.C. 
magnetic circuit, the D.C. field being controlled by 
a small resistance. Ideally suited for building into 
all A.C. and A.C./D.C. power equipments. Non- 
standard voltages and frequencies are catered for. 
Units up to 75 kVA have been supplied by H.E.D. 


APPLICATIONS. For the smooth control of 
power to:—Electric Furnaces—Hot Plates—Ply- 
wood Heating—Light Dimming—Servo Mechan- 
isms—A.C. Current and Voltage—Metal Rectifier 
Installations. 











OTHER H.E.D. PRODUCTS 


© Precision Welding Machines 

@ Welding Controls @ High Speed Contactors 
@ Rectifiers @ Transformers 

@ Coil Winding @ Magnetising Equipment 

@ Air Conditioned Welding and Assembly Benches 





HIRST ELECTRONIC LTD. 
GATWICK ROAD - CRAWLEY SUSSEX - Crawley 2/66-7-8 
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“EVOLITE’’ CLEAR ACRYLIC 
SEAMLESS TUBES 


For use in Industry and 
Research Establishments 













Delivery ex-stock in sizes from, 
3 in. to 6 in. outside diameter. 


“‘Evolite’’ tubes have very good 
electrical properties, are unaffected 
by oils, ozone, dilute acids, 

alkalies and are ideal for the 
replacement of glass where 
temperatures are below 100°C. 


@ We supply Perspex sheet in all 
sizes and thicknesses. Also 
fabricating, machining of small 
parts and precision engraving 
to your requirements. 


Sole Manufacturers: 


RICHARD DALEMAN 
LIMITED 


Engineers in Perspex 


325-7 LATIMER RD., LONDON W.10 
Telephone: LADbroke |879-3709 


East 30723 








Specialists 
in 


Instrument 





Lubrication 


LITERATURE ON REQUEST 


BRITISH INDUSTRIAL PRODUCTS 


SELWYN HOUSE, LONDON, W.C.I. TERminus 6526 











A.1.D APPROVED 









EXTERNAL & INTERNAL 
MICROMETERS 


. 
HEIGHT 


GAUGES 






STANDARD 
MICROMETERY:HEADS 
MODIFIED AS 
REQUIRED 


SPECIAL 
MICROMETER HEADS 
MADE TO ORDER 


Catalogue Available on Request 


SHARDLOW MICROMETERS LTD. 


P.O. BOX 62 
PETRE STREET, SHEFFIELD, 4 
Lendon Office :- W. J. Bithell Ltd., 41 Whitehall, London, S.W.1. 
Scottish Office :- 19 Waterloo Street, Glasgow, C.2. 
A MEMBER OF THE GAUGE AND TOOLMAKJERS ASSOCIATION 
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POST OFFICE 
TYPE 
3000 « 600 
MAGNETIC 

RELAYS 


Manufactured to your specifi- 
cation to A.I.D. and 1.E.M.E. 
standards. 

COILS UP TO 80,0000 
CONTACTS UP TO 8 AMP 
INSULATION UPTO 5KV 
PROTOTYPES 7-14 DAYS 
SPECIALISTS IN 
TROPICALISATION 


OVER 100,000 RELAYS AVAILABLE FROM STOCK 
SIEMENS HIGH SPEED RELAYS. All values. Ex stock. 
Contractors to leading manufacturers and GOVERN- 
MENT DEPARTMENTS 


PROMPT 
DELIVERY 


PROMPT 
QUOTATIONS 










av; 





ne 
ue 
3 
3 
















DEPENDABLE RELAY CO. 








I2a Tottenham Street, LONDON W.1 





Phone: LA Ngham 7391/2 (Near Goodge St Station) 
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We have made a special study 


of the production of 
superfine gauge resistance wires, 
and would welcome enquiries 


for all sizes in the range. 


These fine wires are drawn 
with extreme accuracy and 
have a high quality finish. 


Wound on special reels 
and supplied in plastic 


containers for protection 


and storage. 


VACROM _ (Nickel-Chrome) High resistance in 
Regd. a limited space 
EUREKA (Cupro-Nickel) For precision work 
Regd. with low temperature co-efficient 


MOLYBDENUM For filament support wires. 





VACTITE WIRE COMPANY LIMITED 








75 ST. SIMON STREET, SALFORD 3, LANCS. 
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High- 
Stability 
Wire Wound 
Precision 
Resistors 


Felgate Electronics Limited announce a new 
range of Wire Wound Precision Resistors 
which offer utmost reliability, prompt delivery 
and exceptionally high stability (0.02%). 
The specification speaks for itself : 


THE STANDARD RANGE is 0-12 to 4ma— 
resistors outside this range can be manufactured 
to special order. 
Accuracy up to + 0:05% or 0-019, whichever is 
greater. Matched pairs can be supplied to even 
greater accuracy. 
Temperature co-efficient of resistance («) — 

Two values, both guaranteed :- 

Cu/Ni resistance wire : « = 0:002% per °C 

Ni/Cr resistance wire : « = 0-01% per °C 
Resistors can be manufactured to attain the 
required value of resistance at such ambient 
temperatures and loading as are specified by the 
customer. 
Resistors from } watt to 2 watts are available. 
All types are back-to-back wound for minimum 
self-inductance. 


TROPICALISATION aii Felgate Resistors 


are encapsulated in a robust resin to be proof 
against humidity. 


SPECIAL TYPES are available including 
American equivalents. 
DELIVERY Owing to extremely versatile 


manufacturing techniques, prompt deliveries can 
be made against special orders, whether for home 
or export markets. 


RELIABILITY is recognised as being of 
cardinal importance to the manufacturers of 
electronic equipment—Felgate components are 
designed with this in mind. 


For further details please write to: 


FELGATE ELECTRONICS LIMITED 


Felgate House, Studland Street, Hammersmith, W.6 
Telephone : RiVerside 8141-2 
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© INDICATOR GLASS DOMES, MINIATURE TO 2 DIAMETER 
e PRECISION GLASS MOULDINGS e SEALING BEADS 


e PRECISION GROUND GLASS BALLS e BALLOTINI 


THE ENGLISH GLASS CO. LTD 


EMPIRE ROAD, LEICESTER 


Tele 





i 


A new name in switche; 


Our switches are 
designed and 
manufactured to 
customers 
requirements. 


Your enquiries are 
welcome. 


M.B. METALS LTD. ! 


VALE WORKS, VALE ROAD, PORTSLADE, SUSSEX 








— SPECIAL ELECTRONIC — 


EQUIPMENT 


4-Channel Strain Gauge Amplifier 


We invite enquiries for the manufacture 
of special electronic equipment to customers’ 
own specific design requirements. 


Equipment recently completed includes : 


Servo Units, Power Supply Units, standard stabilised, low 
and high voltage and klystron, DC and AC high stability 
amplifiers, time markers, amplidyne control systems, photo 
electric line follower equipment. 

Bulk Erasers and also precision mechanical equipment e.g. 
35 mm. film photographic accelerometers. 


Write or phone your enquiries to : 


HARVEY ELECTRONICS LTD. 


Dept. G.7, Precision Mechanical and Electronic Engineers 
A.I.D. approved 


FARNBOROUGH ROAD - FARNBOROUGH - HANTS 
Telephone : Farnborough 1!120 
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THE MIDDLETON TOOL & ENG C° I" 
a RD, roe SNe. MIDDX 


HOWord 4 





(REGD. TRADE MARK) 
PRECISION HI-FIDELITY 
MAGNETIC SOUND HEADS 
THE FOLLOWING RANGE OF MAGNETIC SOUND HEADS ARE 
NOW AVAILABLE 

Miniature Heads (15 mm. diameter) 

Type M6RP (Record/Play) 

Type MSR (Record) 
Standard Heads 

Type 6RP (Record/Play) 

Type 5RP (Record/Play) 
Full Track Heads 


Type MSE (Erase) 


Type 5R (Record) 
Type TSE (Erase) 


Type 6RFP (Record/Play) Type S5RPF (Record/Play) 
Type SRF (Record) Type SEF (Erase) 
BRADMATIC for hi-fi tape recording apparatus 
Tape Desks, Magnetic Heads, Amplifiers & accessories 
Write for details. Private or Trade supplied. 
BRADMATIC LIMITED 
Station Road, Aston, Birmingham, 6 
Telephone: East 2881-2. Telegrams: Bradmatic, Birmingham. 

















PRECISION REMOTE 
POSITIONING EQUIPMENT 


This equipment enables a remote shaft to be turned in accordance with 
the position of a local Magslip transmitter and comprises a two channel 
servo amplifier, two phase induction motor and induction generator 
feedback together with remotely located coarse and fine coincidence 
transmitters. Output torque 50 Ib. in. Full details on request from:— 


Serve and Electronic Sales Lid., 


1 Hopton Parade, Streatham High Road, London, S.W.16. 
Tel: STReatham 6165 


Suppliers of servo equipment to laboratories 
throrghout The World 


VELODYNE MOTOR GENERATORS, MAGSLIPS, SELSYNS, 
IPOTS, SERVOMOTORS, RESOLVERS, AMPLIDYNES, 
ELECTRO-HYDRAULIC SERVO SYSTEMS ETC., ETC. 
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Solenoids 
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Phnletine i 


\ | 
ELECTRONIC PROCESS TIMERS EFFICIENT, COMPACT FOR INFORMATIVE 


FOR AUTOMATION AND ECONOMICAL ' SWITCHING AND 
POWER HANDLING 





HILTON ELECTRIC CO..LTD. 
AIDS TO 


P | rn | H A pT N 
PRODUCTION $2 Poot § OLVERHAM 0 


© PHONE 22783: 








H.ROLLET & Co. Ltd. London, Liverpool, Birmingham, Manchester, Leeds 
Rod, Tube, Sheet in Copper, Aluminium, and Alloys since 1896 


& Peace of mind 


easier liying with guaranteed 


quéleey and service 


got | 
SS AERA 


EIN 
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Internationally Recognised 


ERMETO fittings are the internationally 
recognised method of coupling high press- 
ure pipe lines. Enormous numbers are in 
use throughout the world. 

Supplied in mild steel, stainless steel, 
brass, bronze and aluminium for all pipe 
sizes, standard and non-standard up to 
2” o.d. 


Geaeeaaae 


A wide range of valves also available. 


TO 


eal 
= =] 
< 
rm 


Catalogues on request. 


BRITISH ERMETO CORPORATION LTD 
BEACON WORKS, HARGRAVE ROAD 
MAIDENHEAD 

Tel: Maidenhead 2271-4 


nai 








‘Safe Accurate (to 4% RH) 
Humidity Gontrol 


Stable control within close limits (+4% in good 
conditions). Duct or wall mounting. 

Operates with Electronic Relay to control 
heaters, refrigerators, fans and motorised 

or magnetic valves. When Relay Type 
A.S.F. is used it is Intrinsically Safe. 





Write for illustrated literature to: 


PAM Lid 


MERROW ~- eee  * SURRE 
1. Guildford oat 1 
(one of the Group of here associated 
with the Southern Areas Electric 
Corporation Ltd.) 
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For 
PRESS WORK 


Large and Small quantities up to 40 Tons 


SUB ASSEMBLIES 


Own Trade Tool-room including 


JIG BORING 
B.H.L. (TOOLMAKERS) LTD. | 


Precision Works, 75a Stanley Road, Hounslow 
Telephone : HOUnslow 2944 


a) 











—— 


12-WAY TERMINAL STRIPS _IN 








FLEXIBLE | 
NYLON 


List prices per strip ;~ 


5/10 amp. 4. | 
15/20 amp. 8/64. | 
25/30 amp. 10/8d, | 

















ELKAY ELECTRICAL MFG. CO. LTD. 
42 WOBURN PLACE, LONDON, W.C.1 Phone: Langham i915 


FREQUENCY CORRECTED 
CALIBRATED ATTENUATOR 





—_— 








Incorporates a special means of compensation of the 
scale reading to correct the variation with frequency in 
attenuation characteristic of the metallised vane within 
the guide. There is no need to refer to calibration data 
and errors due to incorrect setting up are virtually 
impossible. 


Frequency Range: 9,000-10,000 Mc/s. 


a 
Re 


Attenuation: 0-30 db. 

Accuracy: +4 db. 

Reset Accuracy: Better than +0.1 db. 
Insertion Loss: I db. 


BARR & STROUD, LTD) 


ANNIESLAND, GLASGOW, W.3 
15 Victoria Street, London, S.W.| 
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PURE FUSED SILICA 
Tp, || LABORATORY 















slow ff 
tel WARE 

IN @ Highly resistant to thermal shock. 

We also manufacture an @ Completely inert to all acids except hydrofluoric. 
SLE extensive range of Vitreosil $ a sf ‘ 
‘ r Industrial Ware. @ Standard equipment for ashing determinations. 
@ For repeated use up to 1050° C. 

—s LEAFLETS AVAILABLE ON REQUEST. 

4). 

oii THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6. WALLSEND, NORTHUMBERLAND. _ Telephone: Wallsend 6-3242. 
LTD LONDON. 12-14 OLD PYE STREET, WESTMINSTER S.W.1. Telephone: Abbey 5469, 


ham 1975 S 


10/84, 




















== A TYPICAL RIST’S =— 


P.V.C. CABLE ASSEMBLY 


ED 
TOR 












We have a wide experience of the 
development of cable assemblies, leads, 
etc. When designing new equipment 
may we suggest the possibility of incor- 
porating a snug-fitting cable assembly, 
hin 
ata 
lly 











TD) 








‘RISTS WIRES & CABLES LTD 


BOWER MILEWOUSE LANE — NEWS 
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_ FREQUENCY METERS — a 
SIZES : 24” to 8” 5 TYPE W 
UP TO 5000 CYCLES MINIATURE VALVE RETAINERS 
PROMPT DELIVERY 2 FOR ALL 
ELECTRONIC EQUIPMENT 
Q USING PRINTED CIRCUIT | 
AND | 





STANDARD VALVE HOLDERS | 


| 


SPEAR'ENGINEERING CO. LTD, |” 
WARLINGHAM ° SURREY 
Phone: Upper Warlingham 2774 














\ a py : 
PRESSINGS 5 


| 1s Wy W 
; also the new SYNCHROSCOPE and PHASE Loo? \\ 





SEQUENCE METER both up to 5Kc. c 


or 
and full range of Switchboard instruments PROMPTLY L060 




















| Ask f oO, Oo oO 

f ‘or illustrated Catalogue ACCURATELY o 

THE ELECTRICAL INSTRUMENT 

CO. (Hillington) LTD. CO aa 

| HILLINGTON GLASGOW PRESCOTT MANFG. CO., LTD. 

; Oxford House, 23 West Wycombe Rd., High Wycombe. SPENCER STREET, BIRMINGHAM, 18 

‘ Telephone : High Wycombe 2769 Telephone: CENTRAL 2933 
Technical | 


DEVELOPMENT 
MANUFACTURE 


Transformers 


DESIGN 
Handbooks 


A Comprehensive service 


Audio Frequency 
Current Limiting 


Even the best electronic equipment 
needs the backing of accurate, well 





presented, instructional literature. Modulation 
We specialize in producing manuals Magnetron 

dealing with all aspects of electronic Rectifier 

equipment, however complex—what it 

does, how it works and how to operate Vibrator 

and maintain it. As experts in this Heater 

field, our staff of writers, illustrators, Power Packs 

circuit draughtsmen and retouchers can, Transducters 


with a minimum of briefing, produce 
handbooks of a standard to match the 
quality of your products. 


Approved A.I.D. and A.R.B. 


eu 


HAYWARD & MARTIN LTD. | : 
34 High St., Bromley, Kent. RAVensbourne 6702 WARDRAY & CO. LIMITED. 


CONTRACTORS TO H.M. GOVERNMENT | STAN LEY ROAD, LON DO | ) N.W.9. : 
Telephone : Hendon 9666. 
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Fine wires 





always in demand 


for precision work 


Lewcos Insulated Resistance Wires 
with standard coverings of cotton, 
glass, asbestos, standard 
enamel and synthetic enamel are 
supplied over a large range of sizes. 


Send for our new leaflet 








Maxwell House, Arundel Street, W.C.2. 





R.B. 
t 
i THE LONDON ELECTRIC WIRE COMPANY 
AND SMITHS, LIMITED 
ED. 3 
w.9 3 LEYTON - LONDON ~ E.10 
DECEMBER 1957 








range of high stability carbon 
and wire wound resistors 


G. A. STANLEY PALMER LTD., ANNOUNCE 


a completely new and comprehen- 





sive -\.5e of wire wound and 


“ high stability carbon resistors. 
+0.57% 
STABILITY AND 
TOLERANCE 


These will prove invaluable to 
the manufacturer of high quality 
equipment, and substantially assist 


in reducing his overall production 







Complete catalogue 
available 


on request 










TOLERANCE 


\s6%. NON-PREFERRED 
VALUES 


wd 

\ ae en \ 
» wah pail? \ VERY HIGH 
AND LOW 


iy — «OHMIC VALUES 


oe Nee 


— 
A 


PRECISION AND 
QUALITY AT 
_ GOOD PRICES 


G. A. STANLEY PALMER LTD 
Phone TEMple Bar 3728 
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©ODIE-~CASTING + PRESSWORK + TOOL MAKINGO 


IWSULATION 


Our products include—- 

Presspahn and Leatheroid; Pressboard; Vulcanized Fibre; 
Cable and Red Rope Paper; Bakelite and Ebonite; Varnished 
Paper and Tapes; Varnished Silks and Tapes; Varnished 
Glass and Tapes; Varnished Cambric, Silk, Glass and P.V.C, 
Sleevings; Cotton Tapes, Webbings and Sleeving; Chatterton 
Compound; Adhesive and Rubber Tapes; Acetate Coated 
Insulation. 


PRESSPAHN, LTD. (s=<: 


BRADFORD, YORKS, ENGLAND 
Established 1900 


PLATIN 
DRILLIN 


MILLING 


MACHINES 











Telephone: Bradford 25135 (Pvt. Br. Ex.) 
Telegrams & Cables: “Presspahn, Bradford” 








PURPOSE 
TURNING 


Potentiometers 


Whether wire wound or composition, 
whether Single, Ganged or Tandem, 
if the need is Potentiometers then 
‘RELIANCE’ have the answer - from a 
comprehensive range of types that 
. include linear, log, semi-log and non- 
LET US make it for you inductive characteristics. 
BETTER and CHEAPER Linearity or tolerances t1% 
Your enquiries are P.1.W. types up to 500 K. linear, 
solicited for all light 250 K.log. From stock or 
engineering productions ‘to specification”, a ‘RELIANCE’ 
embodies the best in potentio- 
meter design and practice. 
Full details on request. 


Wingard (M.A.) Led. Chichester. us | RELIANCE MANUFACTURING CO., (SOUTHWARK) LTD. Telephone ; 
PLASTIC MOULDING + STOVE ENAMELLING | sutherland Road, Higham Hill, Walthamstow. E.17.Larkswood 3245 





SPECIAL 
ASSEMBLY 
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CHANICAL 
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|| DRAWER [Reh een 
The ASR-1150 UNIT ar wo 
Weighs 11 lb. 22 
Measures 85 x44 x5 22: ieee 
Price £25.16.0 Net as Enamelted 
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A NEW SMALL AUTOMATIC OVERALL 
A.C. VOLTAGE STABILISER ou 
This Stabiliser, of the A.C. automatic voltage step-regulator 36” WIDE 
pattern, will handle loads up to over 1 kilowatt—and has an 12” DEEP 
output of 5 Amperes at (usually) 230 volts. As a general rule it 
weighs only about 1/10th of the so-common “‘choke-condenser”’ e 
types offered by many competitive firms. It has no large high- 
ee ee fail regularly in —— types of Contains 54 of these drawers, 

tabilisers, and which are very expensive to replace. —_— oh 1” 

ASR-1150 is insensitive to changes of mains frequency, each 5” wide 3 high 112" long. 
works equally well from 0% to 100% load (maximum loading 54 dividers and 54 drawer cards 
1150 VA), and has sinusoidal output waveform. The degree with each unit. Extra divider 6d. 
of Stabilisation it provides is ample for very many purposes. h 

Complete details of our entire range of Regulators, of which eacn. 
there are many patterns ranging from 200 VA to about 30 
kVA (single-phase) are given in our new 32 page Automatic £ | 8 DELIVERED FREE U.K. 
Voltage Regulator Catalogue (S-574) which will be sent at once 
against your wtitten request. SEND FOR SAMPLE DRAWER 


Blaude fyons fltd. A go gh 


Telephone: 69018/9 (3 lines) 


ALL STEEL 











STABILISER DIVISION - WARE ROAD - HODDESDON - HERTS 


cL34 
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GEARS and 
ASSEMBLIES 


TO DIRECTORATE 





OF NAVAL ORDNANCE 
CLASS | 

AS SUPPLIED TO 
LEADING RADAR AND 


ELECTRONIC FIRMS 


All supplies are subjected to a rigid system 
of inspection, assisted by a complete range 
of up-to-date instrument proving equipment. 


@ ~_—s SCIENTIFIC & PROJECTIONS LTD. 


Kidbrooke Park Road, Kidbrooke, S.E.3 
Telephone : LEE GREEN 2112 











wets 


MAG 
max MAY ewts 
MURe mare usTRUMENT 


in ani 
ave wer wa - Photograph by courtesy 


of Higrade Instruments 


snet 
Actual siz€ of Maz 


The instrument illustrated is 0/5 pA. F.S.D. with 
terminal resistance of 2,000 ©. Another example 
of the use of Murex “‘Sincomax”’ magnets where 
a high energy product with high magnetic 
stability is essential. 

Murex ‘* Sincomax”’ magnets, with an alloyed 
bond between magnet and soft iron, continue 

to give accurate and reliable service in this 
and many other applications. 


M URE X LTD. (Powder Metallurgy Division) 
RAINHAM - ESSEX - Rainham, Essex 3322 


Telex 28632 Telegrams: Murex, Rainham-Dagenham Telex 
London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1. Euston 8265 
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SORREY S. TEEL § 


COMPONENTS LTD. 


PRESSED METAL COMPONENTS FOR 
ELECTRONIC AND RADIO INDUSTRIES 


Chassis, Cases, Panels or nickel silver. Com- 
and associated fixing ponents supplied self 
brackets tooled and colour, plated and/or 
manufactured to cus- stove enamelled. Many 
tomers specification. standard tools are avail- 
Components produced able in stock. Write, 
from steel, aluminium, phone or call without 
brass, phosphor bronze obligation. 


Why not let us solve YOUR problem now. 
SURREY STEEL COMPONENTS LTD 
74-76 Church Street, Barnes, London SWI13 

Telephcne: RIV 6673/4 





TWO STEP MAGNETIC RELAY 
for TELECOMMUNICATIONS 


For Telecommunications and Electronics Engineers, this 
Two Step Relay, by replacing two single Relays, can 
effect savings of up to 50% in relay costs. 

Twin wound coil with light and heavy step operation. 
The margin of difference between the two operating cur- 
rents of any Relay is sufficient to prevent false operation 
under all circumstances. 

Up to six sets of Change-over and eight sets of Make or 
Break Contacts. 

Heavy Duty Contacts in Elkonite or Tungsten as required. 
Coils wound 1—100,000 ohms. 


Enquiries to: 


AUTOPHONE LIMITED 
539/547 Wandsworth Road, London, S.W.8 
MACAULAY 2381/2 

















MILTOID SALES 


DIVISION 
BX PLASTICS LTD. 


A Subsidiary of the British Xylonite Co. Led. 


STOCKISTS OF 


BX 
POLYSTYRENE 


A first-class rigid insulating material, supplied 
ex stock in sheets and rods in a range of 
thicknesses and diameters. 


Infrrmation and guidance on manipulation, 
machining and cementing available on request. 


34-36 Royal College Street, London, N.W.1. 
*Phone: EUSton 4146/7. ’Grams: Celudol, Norwest, London 
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BERYLLIUM COPPER 


CRINKLE WASHERS 


Heat treated and plated, giving corrosion resistance with high degree of 
recovery in relation to load, and resistance to ‘‘set’’. Spring locking 
action suitable for electronic and instrument components. Size range }” 
to 8 B.A. Prices and samples sent on request. 
Contractors to the Admiralty, Ministry of Supply and other Government Depts. 


DAVID POWIS E£SONS LTD. 
FORWARD WORKS SPARKBROOK BIRMINGHAM I! PHONE: VIG 1264-8 
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IAMOND H’ 
Switches 


Many manufacturers of electronic equipment always fit 
“Diamond H” Switches. For reliability, soundness of design and 
construction, Diamond H" reign supreme.- 60 years experience in 

this specialised field guarantees the product. 





3amp 250 vAC/DC 
TOGGLE SWITCHES 


3 Amps. 250 Volt 
Single Pole On/Off 
Switches to the 
R.C.S 1! specification 
Biassed contro! can be 
incorporated and special 
finishes provided for 
the toggles, bushes, etc 





6amp 250 v SP/DP 
TOGGLE SWITCHES 


A new range of 6 Amps 
250 Volt Single Pole 
and Double Pole 
On/Off Toggle Switches 
designed to meet the 
R.C.S. 151 specification 
A Trigger Switch Version 
Catalogue 975 1s also 
available in this series 








‘Diamond H’ Switches are doing Trojan work in 
Industrial and Domestic fields all over the world 


‘DIAMOND H’ SWITCHES LIMITED 


GUNNERSBURY AVENUE, CHISWICK, LONDON, W.4 
Chiswick 6444 (5 iines) 
Diamonhart, Chisk, London 


Telephone : 
Grams & Cables : 





OHMS? 
RATING? 
TOLERANCE? 


.... it’s easy with (LA\e} 
Continuous Storage Units 


~ 


Thousands of LAB Continuous Storage Units are daily 
solving the problem of control and storage of the great range 
of resistors. Compact, and capable of storing up to 720 
separate resistors, LABpak make selection positive, simple 
and speedy. Now that Ceramicaps, Histabs and Wirewound 
resistors have been added to the carded range, the usefulness 
of LABpak storage units is enhanced. 

FREE with any purchase of the LABpak range, these 
units are the complete answer to the storage problems of 
small production units, laboratories, etc. 


MAKE UP YOUR ORDER TODAY 
— DELIVERY EX-STOCK 


All LABpak resistors are carded in ohmic value, rating and tolerance, 
colour indexed and tabbed for easy selection. 


The LAB Continuous Storage Units are available from your normal 
source of supply, but more detailed information and literature can 
be obtained from: 


THE RADIO RESISTOR CO. LTD. 


50 ABBEY GARDENS * LONDON: N.W.8 
Telephone: Maida Vale 5522 
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SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


COPPER AND RESISTANCE WIRES. 
Trade Mark « ” 
established 1895 MANGINSAX’”’ — GENUINE MANGANIN. 


ENAMEL, SILK, RAYON COVERED. 
P.V.C. POLYTHENE, P.V.C. MICROPHONE 
oe cow well “INSUGLASS”. THERMOCOUPLE, ete. 


established as the premier Electro-Platers for THE SAXONI A ELECTRICAL WIRE CO. LTD. 


the metal finishing of ELECTRONIC COM- 
PONENTS. Our work is laboratory controlled 
resulting in a high standard of finish. ROAN WORKS, GREENWICH S.E.10 


Weare ina position to undertake large quantity Grams: “SAXONIST LONDON” Phones: GREenwich 0463, 1672 
production of RHODIUM, SILVER or GOLD “GREENWICH CABLES & FLEXIBLES” 

plating to deposit specification on any plateable 
materials including light alloys. 


Service is a for Electro-torming of A.C.SOLENOID TYP E SBM/T 


Wave Guides or intricate shaped components. GREATLY INCREASED PERFORMANCE 


Continuous 3? lbs. at 1’ 
° Instantaneous to 16 lbs. 


Contractors to the Admiralty, War Office, Air Ministry 

















Same dimensions as Type SB 


ATLAS Smaller sizes available. 


vi ; 
PLATING WORKS Ltd Greatly increased discounts for 


quantities. Also transformers 


—— ea to 7kVA 3 phase 


Telephone: ACOrn 1102 
A.I.D., A.R.B. & 1.A. approved. R. A. WEBBER LTD ~ 


18 FOREST ROAD, KINGSWOOD, BRISTOL. PHONE 67-4065 




















sepeeat 


H. T. NEWTON & CO. 


SPECIALISTS TO THE ELECTRICAL 
AND ELECTRONIC INDUSTRIES 


Electrical and Electronic Equipment, 





Switches, Plugs, Sockets (Over a million 


in stock—IMMEDIATE DELIVERY), HELI-COIL 


Relays, Fuses, Connectors, Distribution RES. TRADE teAmet 

Boxes, Radio & Radar Components, PUSH TYPE MERTS 

INN ane Ta eee. THE READY-MADE THREAD FOR MOULDED 
MATERIALS 

A.I.D. and A.R.B. approved Eliminate the need for solid brushings and tapping, use 

HELI-COIL PUSH-TYPE INSERT the ready-made screw 

thread for moulded and plastic parts, die cast alloys, 


powdered metals, all soft light materials and many hard 
metals. Pushed directly in drilled, cast, or moulded, 


GATWICK AIRPORT blind or through holes, this is the ideal low-cost, volume 


production, fastening method. A few shillings in tooling 


HORLEY - SURREY is all you need for up to 1,200 holes and more per hour. 
Telephone: HORLEY 1510 & 3613 ter e 
Telegrams: NEWTONAIR HORLEY fo fat + produdon 

rite for details t 

L 


See ARMSTRONG PATENTS COLTD. "BEVERLEY, YORKSHIM ce nn aa Se 
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Contractors to H.M. and Foreign Governments 
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lbs. 
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VACUUM 


TUBE VOLTMETER 


Type RV33 


FREQUENCY RANGE: 
20 cps to 3 Mc/s 


VOLTAGE RANGES: 
5 mV to 500 V full scale 
in Il ranges 


ACCURACY: 
2% from 60 cps to 1.5 
Mc/s 


USED AS AMPLIFIER: 
max. 70 dB 











Amplifier-voltmeter with cathode 
follower input. Built for carrier- 
frequency work. Strong negative 
feed-back ensures high stability 


DIODE-PROBE VTVM 


Type RV23 


DC: 
| to 1,000 V full scale in 
7 ranges 


AC: 

| to 300 V full scale in 
6 ranges 

OHMS: 

0.5 ohm to 500 Meg- 
ohms in 7 ranges 
FREQUENCY RANGE: 
20 cps to 100 Mc/s 
INPUT IMPEDANCE: 
DC: 

60 Megohms 

AC: 











Centre-scale zero permits + and — 
readings without switching Measure- 
ments performed with diode-probe 
free or mounted in cabinet. Large 
easy-to-read dial. Rugged construc- 


tion. 





RADIOMETER 


72 Emdrupvej, Copenhagen, NY-3, Denmark 


DECEMBER 


1957 
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‘To a Chap like me— 


and I'm proud of my work— my pencil’s 

my living. 

The pencils | use have to stand up to fast 
hard work, their grading’s got to 

be absolutely spot on—not almost 
or nearly but bang on the dot every 

time. 

The leads must hold their points 

and flow smoothiy throughout a long line — 
no crumbling or ‘clinkers’ mark you !— 

and if | erase a line it must go cleanly — 
there's no ‘furrow’ left in my paper 

so you won't find ghost lines in prints 
made off my drawings. As a matter of 

fact you can tell from a print when it is 

my drawing —tiie6 print’s always first Class." 


‘*‘What pencils do | use?” 


‘*Venus drawing pencils of course, the ones 
with the crackle finish !— how else 
do you think | keep up my high standard ?” 


S A 

 ENUS 
DRAWING 
PENCILS 


* VENUS Drawing Pencils are made in 17 accurate 
grades from 9H to 6B. 


THE VENUS PENCIL CO., LTD., LOWER CLAPTON ROAD, LONDON E.5. 
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METEOR com wiINbeERs 
VT Uy 
tt 


(SWISS) 


For winding fine wire down to No. 52 
gauge—Arranged for single or multiple 
winding. No gears to cause backlash. 
The traverse is controlled by a mag- 
Extremely fine reversal 


netic tape. 
settings by micro 
limit switches. Quickly 
set up and changed 
over. Automatic 
brake stops 
machine 

should wire 

break. 


ACBARS LTD. 


S7A HOLBORN VIADUCT, LONDON, E.C.! 
Telephone: CENtral 2287/89 - 6811/2/3 











TRAINING IN ELECTRONICS | 


We can supply specialist self-study Courses in Electronics at 
all levels. We also operate supervised training schemes in all 
types of works and factories. 

In addition, we have a wide range of educational equipment 
available for use as training aids in radio, television and 
electronics. 


Please advise us of your requirements and write to:— 


E.M.I. INSTITUTES, Dept. 11, London, W.4 


(The educational organisation of the 
E.M.1. Group of Companies which include 
“HIS MASTER’S VOICE”, MARCONIPHONE, ETC.) 
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— 





TO MANUFACTURERS 


We carry extensive stocks of 


ELECTRONIC COMPONENTS 


of guaranteed performance, reliability, endurance and long life. 
TRANSFORMERS, RECTIFIERS, SWITCHES, CHOKES, 
POTENTIOMETERS, RESISTANCES, ELECTROLYTIC 
CONDENSERS, SILVER CERAMIC, MICA, WAXED, 
METALLISED PAPER, RESISTANCES, INSULATED 
COPPER WINDING WIRES & MATERIALS, ETC. 


SEND FOR LATEST AND MOST COMPREHENSIVE STOCK LISTS 


THE ELECTRONIC COMPONENTS CO. 


162, Grays Inn Rd., London, W.C.1. 
TERMINUS 0228-9 














AJ.D. A.R.B. 


‘C’ CORES 
TRANSFORMERS 





AIR COOLED OIL FILLED 
IMPREGNATED HERMETICALLY 
SEALED 





5 V.A. TO I°5 K.V.A. AT 50 CYCLES 
UP TO 4K.V.A. AT 400 CYCLES 
AND ABOVE 





Approved Suppliers to 


LEAFIELD 


Telephone 











WILTSHIRE 


APPROVED 


CAPACITY AVAILABLE 


for the manufacture of 


‘E’ CORES 
TRANSFORMERS 


FOR ALL 3 PHASE 
APPLICATIONS 


UP TO 4K.V.A. UPTO 10 K.V.A, 
AT 50 CYCLES AT 400 CYCLES 
| AND ABOVE 


VACUUM IMPREGNATED TO 
ALL USUAL SPECIFICATION 








Government Departments 


Hawthorn 430-1 
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MICA COMPONENTS PRODUCED 
TO THE LIMITS DEMANDED 
BY THE ELECTRONICS INDUSTRY 


QUICK DELIVERY AT ECONOMIC PRICES 


C. WALLER S SONS. 


218-220 BROWNHILL ROAD, CATFORD, LONDON, S.E.6 
(SOUTH CIRCULAR) 


Telephone : HITHER GREEN 2231-2232 
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Tic 


© Victoria’—every model an instrument 
of precision and high quality finish, 





From one inch to eight inches and 
all between—that’s the scale range of 





and if required they can be 
supplied with special calibration. 
Write or ’phone for full details 





INSTRUMENTS LTD., ° 


Midland Terrace, Victoria Road, London, N.W.10. ELGar 7871-3 
© London Showrooms: Electrin House, 93/97 New Cavendish Street, W.1. 
v3 











WODEN 


BILSTON 











TRANSFORMERS 


CAST RESIN TRANSFORMERS 
Give complete mechanical and 

climatic protection for core and 
windings. G. t dissipation. 


A complete ing trans- 

formers from Va to 2LVA and the 

usual range of c 

form COMPOUND FILLED 
TRANSFORMERS 


—, Suitable for exacting 
industrial and climatic conditions. 


SHROUDED AND OPEN-TYPE 
TRANSFO) 


MICROPHONE TRANS- 


> rr 

, minimum hum, pick-up 
and maximum efficiency. 
In addition to the types shown, we 
oe ey ae 





applications. Also Power Trans- 
formers up to 750 kVA. 


TRANSFORMER CO LTD cotaleguce available on request. 


STAFFS Telephone: BILSTON 41959 
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THE P.T.F.E. 
“BARB”? ceap-THROUGH 


(Type 156) 



















A new’ compact lead- 
through, speedy to  as- 
semble, and of outstanding 
physical characteristics. 
Patent applied for. The 
polytetrafluorethylene bush, 
which is supplied with the 
heavily silver-plated brass 
barb partly inserted, is posi- 
tioned in a hole .156” in dia. 
Firmly pressing the barb 
through the assembly ex- 
pands the P.T F.E. bush on 
the far side of the chassis 
and locks it firmly in 
position. 





















VOLTAGE 3kV working volt- 


age for laboratory 





use. 
kV under tropical 
conditions. 

CAPACITY Less than .75mmF. 
TEMPERATURE —55C. to +200C. 
RESISTANCE TO PULL in either 
direction 20 pounds. 
CHASSIS THICKNESS, recom- 
mended for 1/16”. 
CHASSIS HOLE, .156” diameter 
Enquiries invited for other dimensions 
and types. 




















DEVELOPMENTS CO. LTD. 


ULVERSTON NORTH LANCS | 7Ze/: Ulverston3306 








Prototype 
PLASTIC MOULDINGS 


for 
PRODUCTION RUNS 











acetate, polystyrene and p.v.c 


YDRAULICS efficiently designed to 
facilitate maintenance 


E* ECTRICALLY controlled, timed 


cycle conversion available 


— operated on manual model 


geet 1} 02. for polythene, cellulose 


EMPERATURE control maintained 


with positive accuracy 


interlocking guard 


N EAT and robust construction 


Spells versatility in plastics 
Write for details to 


tte safety with — fully 





(ELECTROSTATICS) 
LIMITED 


MARLOW-BUCKS 


Telephone Telegrams: MARLOW 1063 














LOAD & RADIUS AT __, 
WHICH IT IS APPLIED 


1/DIAM. 


te] ie) 1 5 SHAFT 


DIAM 


WORKING ANGLE 


™“~IN DEGREES 


TYPES 
OF ENDS 


DIA. OF WIRE BODY 
5} LENGTH | |, 


TORSION SPRINGS 





= |THE = 
This photograph shows a few examples of high-quality precision springs, =iKi ; = 
made by Riley. Some were produced to customers own specifications, others o i= 
were the result of recommendations by the Riley design and research department. SB ° 
If you have any kind of spring problem, Riley will find the answer to it. Spain® 


(The diagram shows information required when ordering this type of spring.) 
There are no finer springs than Springs by 


ROBERT RILEY LTD., MILKSTONE SPRING WORKS, ROCHDALE, Tel: ROCHDALE 2237 (6 lines) Grams: 
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*RILOSPRING * ROCHDALE TELEX 63-362 
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>, Cellulose 
. 


vows | “<CERAMITE” 


<d. mad THE ORIGINAL BRITISH-MADE WIRE-WOUND 
ee RESISTOR 


model 
for reliability in service and stability in critical circuits. Complies 


vaintained with all Government specifications. 


EARLY DELIVERY AT EXTREMELY COMPETITIVE COSTS 


h fully 
Send at once for details of REDUCED prices 





only 
ELECTRONIC POWER SUPPLIES 


give excellent 
Stability, wave form and regulation. 


The type PUM 16 illustrated here is ideal for the PRECISE 
TESTING OF GYROS, MAGNETIC AMPLIFIERS ETC. 


BRIEF SPECIFICATION 
Three Phase Section Single Phase Section 


Frequency; 400 c/s. Frequency; Drive from three- 
Source Impedance; phase section or separate in- 
10 ohms (high range) ternal oscillator adjustable to 
1 ohm (low range) +10% from 400, 800, 1,600 
Output Power; 23 VA and 2,400 c/s. 
Output Voltage; Output Power; 8 VA 
120V max. (high range) Source Impedance; 0.1 ohm 
40V max. (low range) Output Voltage; 10V max. 


Distortion in both sections is less than 1%. Voltage stability is within 
0.5%. There is a provision for reversing phase rotation, earthing any 
phase or neutral and driving either section from external sources. 
Also a 30V phase reference is provided. 











Send for literature or ask for 
an engineer to call. 


Our wide experience in this Other Types 
field is at your disposal. Single, two or three phase with output power up to 1,000 W and 
frequencies from 100 c/s to 4,000 c/s. 


HATFIELD INSTRUMENTS LTD. 


Crawley Road, Horsham, Sussex. Tel: Horsham 3232-3 
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JASON VALVE RETAINERS 
FOR CONVENTIONAL CHASSIS AND PRINTED CIRCUITS 


* Plated Steel 
* 3 Sizes 


Fix into the hollow rivet holes 
of chassis-mounted valve hold- 
ers of any thickness, or into 
two %” holesonprinted circuits. 
Special lengths are supplied 
for the latter. In 3 sizes: ‘ : xe } 

ECF. 80, EF. 80 and EL. 84. , | ccouaaans Satan 
For immediate delivery. oR : ‘ eh 


10/- Per sample 100 

£3-10-0 per | ,000 

% Quantity enquiries to Sex... i 
THE JASON MOTOR AND ELECT 
328, CRICKLEWOOD LANE, LONDON, N.W.2. 











SLIDING 
CONTROL 


CLIP-TYPE P.M. 250 
CONSIDERABLE 


@ Contact properties are good SAVING IN 
@ Very easy to assemble er aes, 
@ Can be adjusted while T.V. is in operation 

@ Wili operate satisfactorily on high peak currents 


PANORAMA RADIO COMPANY 
73 WADHAM ROAD, LONDON, S.W.I5. 


Telephone VAN 5300 























4 setwes to suit ewe 


Vacuum impregnated open-type ‘C’ Core 
Fully in accordance with 
RCL.216. 


Hermetically sealed oil-filled ‘C’ Core 3-Phase ‘E’ Core Transformers. Air cooled 
Transformers. Fully in accordance with or oil immersed. Vacuum impregnated. to Transformers. 


RCL.215. RCS.214. 
Seen enon 


Fully Shrouded Transformers. Vacuum Vacuum impregnated open-type Lamin- Hermetically sealed Transformers. Aijr 
impregnated to RCS.214. ated Transformers. Fully in accordance with compound or oil filled. 
RCL.216. 


WILLESDEN TRANSFORMER CO.LTD. 


MANOR PARK WORKS, MANOR PARK ROAD, HARLESDEN, LONDON .N.W. 10. 
TELEPHONE: ELGAR 5445-6 
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BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY 
KEEN PRICES 


CONTACTS UP TO 
8 CHANGE OVER 


TRELAYS P.O. TYPE 3000 



















ELECTRICAL AND 


KEY SWITCHES 
PROMPT DELIVERY ALL TYPES 
UP TO 4CO/6CO 


a= 
JACK PLUGS 


Cylindrical bakelite screw on cover. 2 
Contact. Ideal for amplifiers etc. 2/6 
each, 24/- doz., £9 per 100 









BATTERY CHARGERS. Output up to 22 volts, 10 ampz. controlled 
by two four-position rotary switches for fine and coarse control. Input 
0 volt, a.c., 50-cy., fused for —" d.c. Brand new, £17 10s. Od. 
cge. i“. 
6 FT. STANDARD P.O. RACKS for !9 in. panels. Stee! channel 
sides, correctly drilled, heavy angle base. Also 4 ft. 10 in. 


“BRIDGE MEGGER” 1000 Volts, 
100 Megohms. Complete with the Evershed 
Resistance Box. Absolutely Brand New and 
unused, in makers original packing. £75 


oe L. WILKINSON (CROYDON) LTD. 
19, LANSDOWNE ROAD, CROYDON 
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c.w. 2864 














LGUMETER 
COUNTERS 



















MECHANICAL 











COMPANY 
LIMITED 


MILLTOWN STREET 
RADCLIFFE 
MANCHESTER 
RADCLIFFE 2675 











FURZEHILL 








g | The only Oscillators that give 
Sine and Square Waves at low cycles... 













































G.425 


1.4 to 30000 cycles/sec 
Output from 1 mV to 1V 
into 600 ohms or from 1 
to 10V into high impedance 
Sine and square wave 
(with one microsec 

rise time) 















Output and frequency 
substantially unaffected 
by mains variations 


£62-10-0 EX WORKS 











KI 
G.427 


Similar to the G.425 
but covering a range of 
0.5 to 5000 cycles/sec 
Output 10 mV to 10V 
into high impedance 





Sine and square wave 
Time of rise— 
One microsec 


Sag on square waves 
less than 5% 



































s 














Write for full particulars 


| Farzehill '‘ fibovalenitia Led 


57 CLARENDON ROAD, WATFORD, HERTS. TELEPHONE: GADEBROOK 4686 








DECEMBER 1957 167 ELECTRONIC ENGINEERING 











RADIO AND 
ELECTRONIC 
COMPONENTS 

By G. W. A. Dummer, M.B.E., M.I.E.E. 


Here is a brand new and unique 
series of books that gives a 
detailed picture of the range 
and limitations of the various 
fundamental electronic 
components and assistance in 
selecting the best component 
for a particular requirement. 





Illustrated. 
Vol. |. Fixed Resistors. 
&/- net. 

Vol. 2. Variable Resistors. 

30/- net. 
Vol. 3. Fixed Capacitors. 

45/- net. 
Vol. 4. Variable Capacitors. 

32/6 net. 
Parker St., Kingsway, London, W.C.2 








° A complete library 
in two volumes...” 


KEMPE’S ENGINEERS 


YEAR-BOOK 


Edited under the direction of the Editor of “‘ The Engineer” 
price 82 /6 (plus postage 2/6) 
order your copy NOW 


Kempe’s Engineers Year-Book, 28 Essex Street, Strand, 
London, W.C.2 Telephone : CENtral 6565 














A. G. ENGRAVING 


292, Earlsfield Road, London, S.W.18 
’Phone: BATtersea 9897 


A> a 
oo - 





Engravers to well-known makers of Electronic 
Equipment used by the Aircraft Industry 
and shown in this Journal. 


lO a dO) 
Ovo © 





Nameplates, Indicators, Scales, etc., to 
requirements. 








Cut this out and keep for reference 


A UNIQUE CHASSIS SERVICE 
9 


COMPONENT 
SPECIALISTS 


FOR OVER 
30 YEARS 





By using a wide range of jigs and tools we are now able to supply, 
by return of post, 


ANY SIZE OF 4SIDED BLANK CHASSIS 
in 16 s.w.g. commercial half-hard aluminium at ‘‘ Standard size ” 
prices ! 

To arrive at the cost, add twice the depth to the length and the width, multiply 

the two and refer to table below :— 





q. Sq. Sq. Sq. Sq. Sq. 
in. Price in. Price in. Price in. Price in. Price in. Price 
18 3/- 96 5/6 176 8/— 256 10/6 336 13/— 416 15/6 
24 3/3 104 5/9 184 8/3 264 10/9 344 13/3 424 i5/9 
32 3/6 112 6/— 192 8/6 272 I1/— 352 13/6 432 16/- 
40 3/9 120 6/3 200 8/9 280 11/3 360 13/9 440 16/3 
48 4/- 128 6/6 208 9/—- 288 11/6 368 14/—- 448 16/6 
56 4/3 136 6/9 216 9/3 296 11/9 376 14/3 456 16/9 
64 4/6 144 7/—- 224 9/6 304 12/— 384 14/6 464 17/- 
72 #4/9 152 7/3 232 9/9 312 12/3 392 14/9 472 17/3 
80 S/- 160 7/6 240 10/— 320 12/6 400 15/—- 480 17/6 
88 5/3 168 7/9 248 10/3 328 12/9 408 15/3 488 17/9 
Example: Chassis size: 12” x 8” x 2” POST AND PACKING 
12+2+2=16 Up to 144 sq. in. 1/3 
84+2+2=12 - += 272- - 1/6 
16” x 12”=192 sq. in. =8/6 - - S16- - 1/9 
LIMITS Length from 1}” to 18” in 4” steps. 
Depth from 14” to 3” in 4” steps 
Width from 14” to 18” in }” steps. 


(min. width—depth plus }”) 

SOLDERED CORNERS. Although not usually necessary we can, by a 
recently developed process, solder the inside of each corner at an extra charge 
of 2/— per chassis. 

FLANGES. if required, }” bottom flanges on two sides can be provided for 
screwing down or attaching bottom cover. These can project outside or inside 
the chassis. Add 1/6 to price of chassis up to 24” deep (over 2}” deep add 3/6.) 
PANELS, SCREENS, etc., in same material at 4/6 sq. ft 


We invite enquiries for special designs. 
Discounts for quantities. 





H. L. SMITH & CO. LTD. Cepoete Sere), 
287-289, EDGWARE ROAD, LONDON, : PAD. 589! 











Insist on 


T.E. 


5 V.A.-100 K.V.A. 
TRANSFORMERS 
AND CHOKES 





Full SINGLE PHASE AIR COOLED 
Catalogue “C’? TYPE TRANSFORMERS 
on request:- 350 VA to 2KVA 

The 


TRANSFORMER & ELECTRICAL CO. LTD. 


HONYWOOD RD., BASILDON, ESSEX 
Telephone: Basildon 20491 /3 
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RS SUBMINIATURE VALVES 
K & - 
— | Perfection 
h e ago include the following types having exact American or 
; in miniature British Services equivalents. They meet all the require- 
i ments of efficient portable A.F. or R.F. equipment. 
nd , oe Filament lanode | Screen | Grid lamate | Screen | Slope |Anode| Output! U.S.A.) CV 
’ : Type Description | Curr. | Curr. 
565 | Vv | mA | Volts | Volts |Volts | mA | mA | mA/V |Imped. mW | Equiv. Equiv. 
——= XFW40 | A.F. Amp. Tetrode ... 0.625 | 10 | 2.5 | 22.5 0 | | | 12 | 3st | 2260 
— XFYI4 | A.F. O/P. Pentode ... § 1.25 | 50 67.5 | 67.5 —65 | 3.1 0.95 | 0.65 | 0.02 | 6s | $672 | 2238 
XFYIS A.F. O/P. Pentode ... § 1.25 | 20 67.5 | 67.5 |—6.5 | 3.1 0.95 | 0.65 | 0.02 65 «| 5672| 2238 
: XFY54 A.F. O/P. Tetrode ... 1.25 | 10 22.5 | 22.5 |20 | 0.34 | 0.08 | 0.28 | 0.03 | 275| 7 
; XFRI* R.F. Amp. Pentode ... ff 1.25 | 100 45 45 | 0 30 | 09 2.0 | | /1aD4| 2237 | 
XFR2* | R.F. Amp. Pentode ... § 1.25 | 50 | 67.5| 67.5 | 0 | 18 | OS | 1 | 5678 | 2254 
; XFR3 R.F. Osc. Triode ... 1.25 1120 | 135 |—5.0 | 4.0 | | 1.65 | 5676 | 2239 | 
5 | — D eitiidincll a EE —————} 
) 1.25 | | | | | 
i XR4 R.F. Power Amp. _.... 23 | Si is | 75 | 7.0 1.1 1.95 } 6397 
J ) — | | OO OO 
. XFRS R.F. Amp. Pentode ... ff 1.25 | 20 wed 67.5 | 0 | 1.8 | 0.5 wf | 5678 | 2254 
; | 
; * Fully screened with metalised coating. tVoltage gain. 
: Please write for further details. 
Hivae li ite STONEFIELD WAY - SOUTH RUISLIP - MIDDLESEX 
hyaG A member of the Automatic Telephone & Electric Group Ruislip 3366 
uN 
y Switchboard instruments from 4” to 8” dial sizes in ge 
4 PORTABLE INSTRUMENTS Flush, Projecting, Round and Rectangular cases. ‘ 
Portable instruments, Single or Multirange. 8 
Moving Coil, Moving Iron and Rectifier types. \ 
Milliammeters, Ammeters and Voltmeters for K . 
the measurement of Direct, Alternating and © 








Audio Frequency Currents. Frequency Indicators. | 
Special Instruments made for customers’ s 
particular requirements. 

Transductors for the measurement of Heavy $ 
Direct Currents up to 40,000 — SN 





THE WEIR ELECTRICAL INSTRUMENT CO. LTD. 
Head Office and Works: Bradford-on-Avon, Wiltshire. K 
Telephone: Bradford-on-Avon 2004/5 . 

London Area Office— R 
2 Hill Street, St. Albans, Herts. Telephone: St. Albans 51722. N 


Manchester Office— 
270/272 Corn Exchange Buildings, Manchester, 


ELECTRICAL INDICATING INSTRUMENTS Tyneside Area Office— — Biaciriars vm. 


Alliance Buildings, 4, Moseley Street, Newcastle-on-Tyne, |. 
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BRIMAR| 


who, as always 


got there 
first! 


Reproduction of 
an advertisement 
by BRIMAR in 
December,.1955 


Standard Telephones and Cables Limited 


R . 
(Regd. Office: Connaught House, Aldwych, London, W.C.2) 


FOOTSCRAY, KENT FOOtscray 3333 
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creating the right atmosphere 








transistor 
manufacture 


In the manufacture of transistors, Siemens Edison 
Swan Limited use a Birlec direct dehumidifier to 
maintain dry, dust-free conditions for the prepara- 
tion and final assembly of germanium wafers. 
Maintaining 10% relative humidity conditions, the 
direct dehumidifier ensures accurate grading of the 
wafers according to thickness, and perfect electrical 
contact between the wafers forming emitter, base, 
and collector in the transistor. 
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Above; Drying germanium wafers in vacuum ovens 
Left : Grading germanium wafers prior to assembling into transistors 
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On the map 


From ten years of reliable and 

efficient service as sub-contractors to the 
“‘big names’’ in telecommunications and 
electronics has grown our new, 
planned-for-the-job factory at Broxbourne. 
The current state of our order book 
suggests that industrially we are ‘‘on the 
map.’’ Geographically too, it seems, from 
the address on this envelope—which 
arrived without difficulty. 

But whether you call it BROXLEA or 
BROXBOURNE, all you need to know is 
that we're fifteen miles north of London 





Broxlea, 





on the Al0 road to Cambridge, and we are 
always ready to discuss whether our 
specialised production service can help you. 


Messrs. Broxlea Products Limit 


Hertfordshire. 





BROXLEA PRODUCTS LIMITED 


A.1.D.-approved sub-contractors 


PARK LANE, BROXBOURNE, HERTFORDSHIRE 


"Phone: Hoddesdon 3091/2 








Printed in Great Britain by The Press at C 
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